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DEGENERATIVE CHANGES IN THE MALE GERMINAL 
EPITHELIUM IN ACUTE ALCOHOLISM AND THEIR 
POSSIBLE RELATIONSHIP TO BLASTOPHTHORIA * 

Carl Vernon Weller, M.S., M.D. 

{From the Department of Pathology of the University of Michigan, Ann Arbor, Mich.) 


In a brief preliminary report ^ upon a small series of cases, and in a 
more extended abstract based upon a larger series,^ I have sum- 
marized evidence in support of the belief that the changes in the 
human testis in acute alcoholism furnish a morphological basis for 
assuming for ethyl alcohol a blastophthoric effect upon human germ 
plasm. In the present paper this evidence is presented in detail for 
the first time, with a survey of the literature dealing with this 
method of approach to the question of alcoholic blastophthoria and 
a discussion of its implications. 

The general acceptance by practically all of the pure biologists 
of the doctrine of the non-inheritance of acquired characteristics 
has had a deterrent effect upon the growth of our knowledge of al- 
teration of the germ plasm through extrinsic factors. This has 
doubtless been due to the fact that changes in the germ plasm have 
been thought of as manifested particularly through the transmis- 
sion or non-transmission of unit characters. Between such altera- 
tions which foUow the recognized laws of genetics and the imposi- 
tion of altered metabolism with resulting variation in potentiality 
for growth and differentiation there seems, at first, to be but little 
in common. In the future we may come to realize that essentially 
the same forces are operating in each type of change, crudely and 
diffusely in one, predsely and delicately in the other. The diffi- 
culty has been that with the biological conception of the non- 

* Received for publication August 19, 1929. 
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inheritance of acquired characters emphasis has been placed upon 
the stability of the germ plasm. Actually, the germinal epithelium, 
particularly in certain stages of its maturation, is one of the most 
labile of all cell types, and it is the lability of the germ plasm which 
should be stressed. 

Under the term blastophthoHa may be grouped all of the processes 
of alteration, whether detrimental or beneficial, brought about in 
the germ plasm prior to amphimixis by extrinsic factors (in contrast 
to intrinsic germinal variation). A variety of chemical and physical 
agents are now known to be capable of exerting such an effect. It is 
obvious that it is in the male germ plasm particularly that blastoph- 
thoric processes can be recognized and studied, for postconceptional 
intra-uterine changes must be rigidly excluded. Moreover, much 
less is Icnown about the normal and pathological histology of the 
ovary than of the testis. 

There are three general methods by which injury to the male 
germinal epithelium may be investigated, 

1. The number and quality of the progeny of supposedly altered 
germ plasm may be evaluated, a method much used in studies of 
human “race poisons.” With hiunan material the w'orth of the 
method may easily be overestimated, ^^^lile presumptive evidence 
may be gathered in this manner, it is rare that results which can 
be considered proof can be obtained. The many interrelated vari- 
able factors make it impossible to develop such a statistical study 
in an entirely satisfactory manner. By adapting the same method 
to animal experimentation, however, the results may be greatly 
strengthened. By this method Stockard ^ established experimental 
proof of alcoholic blastophthoria and at the same time provided a 
model for the study of the blastotoxic effect of other agents. 

2. The number and quality {morphology, viability, vitality, motility, 
etc.) of the mature germ cells may be compared after exposure to 
some extrinsic factor with the same attributes of germ cells under 
normal conditions. The exposure may be prior to maturation, after 
maturation but while yet within the parent body, or without the 
body but before fertilization has taken place. If variation from the 
normal can be demonstrated, it may be possible in experimental 
work to test the results of fertilization of, or by, such altered germ 
cells, in which case the method shifts to that first mentioned. In 
human material it is necessary to assume that cells so altered cannot 
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produce normal offspring. This assumption, however, is well sup- 
ported by analogies from the field in which experimental test is 
possible. 

3. The processes of spermatogenesis and oogenesis under the in- 
fluence of extrinsic agents may be observed for alterations from the 
normal. As is well known, many agents when used intensively bring 
about complete aspermatogenesis through a process of degeneration 
of the germinal epithelium. It follows that in earlier stages of the 
process germ cells less seriously affected and still capable of fertiliz- 
ing ova must have been produced. It must be realized that changes 
in the germ cells of such a nature as to give rise to markedly inferior 
offspring may be unrecognizable morphologically and that spermato- 
zoa with demonstrable morphological changes may be incapable of 
fertilizing ova. That such marked changes are found as the end re- 
sult of a continuous process of deviation from the normal justifies 
the use of this method, which is the one employed in the present 
study. 

An abundant literature has accinmflated in regard to the histo- 
logical changes in the testis attributed to alcohol. This deals with 
both human and experimental material. In the former the earlier 
descriptions ^ were confused by the inclusion of changes now known 
to be due to syphilis, and it has rarely been possible to draw a sharp 
line between acute and chronic alcoholism in human material. It is 
interesting that the very frequent concomitance of syphilis and 
alcohol created the same difbculty in interpreting etiology in testic- 
ular pathology that still exists in regard to the liver. In experi- 
mental work these difficulties are avoided. The literature dealing 
with the testicular changes in both human and experimental al- 
coholism is briefly reviewed here in so far as it deals with relatively 
acute intoxication. 


Review oe Literature 

Bouin and Gamier,® in igoo, examined’ microscopically the testes 
of two rats to which they daily had administered progressively in- 
creasing doses of diluted alcohol. The exact amounts used were not 
stated. While the length of time over which the experiment ex- 
tended (8 1 months in one instance and ii| months in the other) 
was such as to make the word “acute” seem inappropriate, the re- 
sults obtained were in accord with the pathological conception of 
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an acute, in contrast to a chronic, parenchymatous degeneration. 
Since the dosage was progressively increased it may be that the 
threshold of toxicity producing morphological change was not 
reached until late in the experiment. In one rat the testes appeared 
smaller and somewhat firmer than normal, in the other very soft. 
On section neither fibrosis nor vascular sclerosis was found. There 
was some diminution in the size of the tubules and varying degrees 
of reduction in the thickness of the germinal epithelium. There 
were but very few normal spermatozoa present but atypical free 
cells were found in the lumina. The disappearance of the seminal 
elements was found to be taking place in an order inverse to that of 
their origin. Pyknosis, chromatolysis and karyorrhexis of the nuclei; 
hyaline degeneration, plasmorrhexis and fatty change in the cyto- 
plasm; vacuolar degeneration of both cytoplasm and nucleus, and 
the coalescence of spermatocytes or spermatids to form polynuclear 
plasmatic masses were described. They concluded that the seminal 
epithelium is highly vulnerable to prolonged ethyl alcohol intoxica- 
tion, the more completely differentiated cells suffering more severely. 

Todde,® in 1910, poisoned three cocks with large doses of ethyl 
alcohol. The first died in eight hours after the administration of 
about 50 cc. of twenty per cent ethyl alcohol. Its testes weighed 25 
gm. and appeared of normal size and consistency. Of the second, 
which was kiUed after three successive daily intoxications, the testes 
were shghtly smaller than normal, weighing 18 gm. The third was 
killed after four days and its testes were found to be much smaller 
than normal, weighing but 14.5 gm., although they showed nothing 
imusual in respect to color or consistency. Histological examination, 
showed no marked changes. There was a little enlargement of the 
lumina of the tubules but “except for an indistinct and slight ten- 
dency to diffuseness all of the elements preserved a normal appear- 
ance and in most of the tubules, spermatogenesis was proceeding at 
its maximum intensity.” It is difficult to reconcile these slight histo- 
logical changes with an apparent reduction in weight to the extent 
of about 40 per cent as shown in the third instance. 

Stockard and Craig, ^ likewise, failed to find changes of significance 
in the testes and ovaries of guinea pigs which had been treated with 
alcohol vapor for varying periods. In all cases the germ cells, both 
ova and spermatozoa, were foimd to exhibit an entirely normal 
structure. 
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Arlitt and Wells/ in 1917, made a detailed histological study of 
the testes of fifteen rats which had received from 0.25 to 2,25 cc. of 
ethyl alcohol daily for from two to ten months. Marked and nearly 
constant changes were found. A marked decrease in the size of the 
seminiferous tubules, leading in some instances to reduction in size 
of the testis itself, was shown by careful measurements with an 
ocular micrometer. The changes in the seminal elements appeared 
to take place in a definite order, inverse to that of the appearance 
of the various cell t3^es. The first effect of the alcohol appeared 
to be to render the formation of spermatozoa incomplete, so 
that heads were formed without normal tails. This was further 
borne out by the fact that in such testes the number of sperma- 
tozoa in the epididymis was less than normal and proportionately 
less than the number seen in the seminiferous tubules. The next 
effect seemed to be to prevent the transformation of spermatids into 
spermatozoa, so that the tubules became filled with accumulated 
spermatids. The spermatids then degenerated, losing their power 
of nuclear staining and becoming granular. In the most advanced 
stages the tubules contained but marginal cells, with few or no sper- 
matocytes or spermatids and occasional large cells with many nuclei 
free in the lumen. When the tubules were atrophic there was some 
compensatory edema cx vacuo. No inflammatory changes were seen 
and no marked fibrosis although in certain instances there had been 
a slight thickening of the basement membranes. The authors stated 
that the testicular changes found were in harmony with autopsy 
findings in human alcoholics. The ovaries of alcoholized females 
were examined also, but it was found impossible to make any posi- 
tive statement as to alterations attributable to alcohol. 

Kostitch,^ in 1922, described the determination of an experi- 
mental alcoholic blastophthoria by histological study of the seminal 
epithelium. The testes of rats to which he had administered daily 
progressively increasing amounts of ethyl alcohol, from 0.5 to 3 cc. 
for from 17 to 120 days, were described in detail. Only his con- 
clusions can be restated here: The seminal epithelium is especially 
sensitive to the action of alcohol. Its cells disappear in an inverse 
order to that of their genesis. At first the tubules become filled 
with masses of cells through desquamation of the more mature ele- 
ments, with an accumulation of spermatids arrested in their develop- 
ment. Maturation divisions of the spermatocytes are disordered. 
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The accumulation of spermatids determines the formation of sem- 
inal teratocytes (teratospermatids). The arrest of spermatogenesis 
and the release of teratocytes reduces the epithelium to the primitive 
germ layer, the persistence of which makes possible a later regenera- 
tion. The sensitivity of the germinal epithelium to alcohol is much 
greater than that of the hepatic cells. Lesions of the germinal epi- 
thehum occur at a time when the hepatic cells show nothing. The 
lesions observed in the testis in the course of experimental alcoholic 
intoxication must be attributed directly to the action of pure ethyl 
alcohol. The nuclear changes in the germinal epithehum represent 
the essential phenomena of alcoholic blastophthoria. Short of be- 
ing killed, the germinal epithelial cells exhibit alterations in their 
evolution. They may be arrested at any stage or may develop in an- 
at3rpical manner leading especially to the formation of asymmetric 
mitoses with an unequal division of the chromosomes, a process in 
which there may be found an explanation of the occurrence of mor- 
phological defects in the children of alcoholics. 

Apparently Kostitch was not familiar with the work of Arlitt and 
Wells, for he does not include it in his summary of the literature. 
The close agreement in the descriptions of the histological changes 
in these two detailed studies is significant. 

Material 

Nine coroner’s autopsies were selected in which death occurred 
during, or immediately after, a period of severe alcoholic intoxica- 
tion. No case with a massive pneumonia or other extensive acute 
infectious condition was admitted to the series. In using human ma- 
terial, unhke that from animal experimentation, it is practically 
impossible to maintain criteria any more rigid than those stated 
above. Contrary to the impression given by the daily press in re- 
gard to certain other chnical centers, we have fewer autopsies by far 
on cases of alcoholism than we did prior to national prohibition. 

There are three objections to the proposed utilization of this 
material which must be discussed. The first is pertinent and un- 
avoidable. In most instances it cannot be asserted that the terminal 
bout of drinking was not an exacerbation of an intermittent or more 
or less chronic alcoholism. To this extent the intoxication may not 
be strictly acute. On the other hand, the changes which are found 
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are of an acute degenerative nature, entirely comparable to those 
found in experimental animals. Outside of a rather narrow range, 
the exact length of time that the condition of alcoholism obtains 
seems to make relatively little (hfference in the picture. In every 
case used there had been a severe degree of intoxication shortly be- 
fore death. 

The frequency with which areas of syphilitic orchitis occur in the 
testes of these cases may raise a suspicion that the other changes 
which are to be described were due to syphilis and not to alcohol. 
There is no connection, and no resemblance, between the two patho- 
logical processes and, to one experienced in histopathological diag- 
nosis, no possibihty of confusion exists. Exactly similar patches of 
orchitis fibrosa syphihtica occur in the testes of men dying from a 
variety of conditions without the remainder of the parenchyma 
showing the degenerative changes found in the present group. 
Syphilitic changes in the testes are patchy in distribution and may 
be unilateral. Blastotoac degenerations, such as are attributed to 
alcohol, are diffuse and bilateral. The syphilitic changes are prima- 
rily vascular; the alcoholic changes are primarily parenchymatous. 

It will be noted that the complete autopsy examination showed 
various incidental conditions to be present in certain cases, partic- 
ularly in the older men. These varying conditions can scarcely be 
important factors in causing the degenerative changes found in the 
testicular epitheUum, which are all of the same general type and, 
taken together, constitute a unified retrogressive process. Moreover, 
in other autopsies all of these inddental disease conditions have 
been observed without accompanying alteration in spermatogenesis. 
The assumption of a causal relationslnp for alcohol in respect to the 
testicular degenerations described in these cases seems, therefore, 
to be justified. 

Case i. A boy, aged 17 years, was found dead in his automobile 
in the early morning after a drinking bout lasting part of the night. 
He was known to have been a user of alcohol before that time. The 
autopsy diagnosis was as follows: 

Acute alcoholism. Congestion and edema of brain with cloudy 
swelling of ganglion cells. Congestion and edema of meninges with 
minute petechial hemorrhages in brain and meninges. Severe acute 
degenerative catarrh^ gastritis. Extreme congestion and edema of 
all organs. Acute fatty degenerative infiltration of heart and liver. 
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Acute lipoidosis of adrenals. Acute cloudy swelling of kidneys. 
Lymphatic constitution. 

Microscopic examination of the tesies showed tubules which ap- 
peared unusually large, the lumina being dilated without thinning 
of the wall. On the contrary there was a moderate, but definite in- 
crease in the number of spermatocytes and spermatids present. 
Apparently normal spermatozoa were found in most of the tubules. 
The appearances suggested a retardation in the evolution of the 
various orders of cells of such a nature that the total number of 
spermatocytes and spermatids present at one time was increased. 
Numerous division figures occurred some of which may have been 
atypical although this cannot be positively asserted. No teratocytes 
or giant nuclear forms were seen. 

Case 2. A laborer, aged 42 years, was said to have consumed an 
enormous quantity of homemade wine, fortified with some form of 
“bitters” or “wine of beef and iron,” during the five days before his 
death. There had been severe diarrhoea and vomiting and he was 
said to have fallen downstairs once during the period of his intoxica- 
tion. The final pathological diagnosis was: 

Acute exacerbation of chronic alcoholism. Chronic leptomenin- 
gitis. Acute encephalitis. Atrophy, passive congestion and edema of 
brain. Acute toxic gastro-enteritis on an older chronic catarrhal in- 
flammation. Chronic esophagitis. Fatty heart. Polypoid thrombus 
in right ventricle. Atherosclerosis. Chronic passive congestion of 
lungs and acute purulent bronchopneumonia (aspiration pneumonia). 
Chronic parenchymatous degenerative nephritis. Fatty degenerative 
infiltration of fiver. Acute purulent prostatitis vdth multiple absces- 
ses. Healed tuberculosis of apices and spleen. Traumatic abrasions 
of skin. Hypertrophy of adrenals. Atypical spermatogenesis. 

In addition to the evidences of acute and chronic alcoholism vari- 
ous incidental findings were encountered in this instance. The 
terminal aspiration pneumonia involved but small areas in the lower 
portion of each lung. It seems improbable that it could have been 
responsible for the testicular change. The nephritis was old and of a 
very moderate degree. The cardiac failure was an end phase of the 
alcoholic bout. It seems proper, therefore, to attribute the acute 
degenerative changes primarily to alcohol. 

Microscopically, the lestes showed as the most striking feature an 
accumulation of spermatocytes and spermatids of so marked a de- 
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gree as nearly to fill the lumina of the tubules. These cells were not 
free but still in position in the epithelium. In areas the picture was 
that of solid cords of cells. A few normal appearing sperm cells were 
present in most of the tubules. An occasional giant nucleus was 
found in the zone of spermatogonia, but no free teratocytes. Vacuo- 
lar degeneration was lacking. There was a very slight diffuse thick- 
ening of the basement membranes. 

Case 3. A farmer, about 50 years old, sold a load of produce, 
bought and drank a large quantity of whisky and was put upon his 
wagon while drunk by his companions. When his team of horses 
reached home he was found dead in the wagon. The pathological 
diagnosis was as follows; 

Acute alcohohsm. Congestion and edema of brain. Fatty degen- 
erative infiltration of heart and liver. Acute congestion of ail organs. 
Chronic catarrhal gastro-enteritis. Early sclerosis. Prostatic hyper- 
plasia. 

Microscopic examination of the testes showed a few spermatozoa 
in many tubules. The lumina of the tubules were dilated and the 
epithelium of very uneven thickness, in many areas being definitely 
reduced. Small masses of desquamated spermatids, apparently ag- 
glutinated, were found in many tubules. Of the spermatogonia and 
spermatocytes some showed an early vacuolar degeneration of the 
cytoplasm. Occasional cells, apparently spermatogonia, with giant 
nuclei up to three times the normal diameter in size, were found 
resting upon the basement membrane. No free teratocytes were 
noted. There was no increase in the stroma. 

Case 4. A brick mason, 62 years old, was found dead in his room. 
The coroner’s diagnosis was “acute alcoholism.” The final patho- 
logical diagnosis was ; 

Acute exacerbation of chronic alcoholism. Chronic leptomen- 
ingitis. Congestion and edema of brain. Cloudy swelling of gan- 
glion cells. Chronic atrophic catarrhal gastritis, alcoholic. Old 
syphilis. Chronic fibroid myocarditis. Bronm atrophy of heart. 
Early sclerosis of aorta. Chronic passive congestion of lungs with 
stasis, • edema and anthracosis. Healed tuberdes in lungs with 
calcareous tuberdes in bronchial nodes. Chronic interstitial pan- 
creatitis. Lipoidosis of adrenals. Chronic passive congestion and 
atrophy of all organs. Atypical spermatogenesis. Areas of inter- 
stitial fibrosis in testes. Rhabdomyoma of kidney. 
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The changes incident to advandng years and an old latent syphilis 
were found in this instance in addition to evidences of alcoholism. 
The acute degenerative changes shown microscopically in the testes 
could not be due to either of the former. The teratoid neoplasm in 
the kidney was of small size and of no clinical importance. 

The testes, upon microscopic examination, showed a few sper- 
matozoa in many tubules. There were also numerous masses of free 
cells, chiefly spermatids and spermatocytes which were apparently 
agglutinated. The tubules were dilated, the size of the lumina being 
increased in part by the marked thinning of the epithelium which 
was frequently found reduced to two or three layers of cells. In 
selected tubules there was noted a well marked vacuolar degenera- 
tion of the epithelium. This change showed a zonal distribution in- 
volving particularly the spermatocytes with a zone of nearly normal- 
appearing spermatids internal to the region of vacuolation. Among 
the free cells in the lumina teratocytes occurred in small numbers. 
These were cluefly multinucleate masses with abundant pink-stain- 
ing cytoplasm containing from four to eight or more nuclei of sper- 
matid or even sperm-head type. These masses gave the impression 
of having been formed by nuclear divisions unaccompanied by divi- 
sion of the cytoplasm. Cells of spermatocyte type with two or four 
nuclei were found in small numbers embedded in the wall. Giant 
nuclei were munerous. There was a slight diffuse increase in thick- 
ness of basement membranes and a few small groups of tubules 
showing complete fibroid obliteration of syphilitic type. 

Case 5. A mulatto porter, aged 33 years, who was kno^vn to have 
been intoxicated for two days, was found dead in a toilet-room. 
The coroner’s diagnosis was “acute alcoholism.” The autopsy 
diagnosis was as follows : 

Acute alcoholism. Marked acute catarrhal gastro-enteritis. 
Congestion, edema and parenchymatous degeneration of aU organs. 
Multiple hemorrhages in lungs. Syphilis (leptomeningitis, active 
aortitis, adrenalitis, orchitis). Persistent thymus. General l5mphoid 
hyperplasia. Small esophageal papilloma. 

Microscopic examination of the testes showed a greatly reduced 
number of spermatozoa, but a few normal appearing sperm cells 
were found in many tubules. There was extensive desquamation of 
both spermatids and spermatocytes with masses of agglutinated 
cells blocking the lumina of certain tubules. The epithelium was 
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correspondingly thinned and showed a moderate vacuolar change 
with no sharp zonal localization. The only teratocytes found were 
deep in the epithelium, near the basement membrane, and consisted 
of large cells with three to four nuclei of spermatocyte type. A few 
cells with single giant nuclei were noted also. There was no general 
fibrosis, but a few small patches of fibroid atrophy of syphilitic type. 

Case 6. A laborer, whose apparent age was about 55 years, was 
found dead. The stomach contents had still a strong odor of whisky 
at the time of autops3L The pathological diagnosis was as follows: 

Acute exacerbation of chronic alcoholism. Chronic syphilitic 
myocarditis, aortitis, pancreatitis and orchitis. General arterio- 
sclerosis. Atrophy, passive congestion and parenchymatous de- 
generation of all organs. Early hepatitis. Lipoidosis of adrenals. 
Asphyxia. Hypernephroma. 

The testes showed microscopically numerous apparently normal 
spermatozoa. The tubules were slightly dilated and in certain 
regions the n um ber of spermatocytes and spermatids was increased 
to a very slight degree. Occasional tubules showed a rather sharply 
localized vacuolar change. A few teratocytes were found and only 
a few nuclei which definitely exceeded the normal range in size. 
There was a slight diffuse thickening of the basement membranes 
but no fibrosis of syphilitic type. 

Case 7. A young man who appeared to be about 30 years old, 
was placed under arrest while in an active alcoholic delirium. 
Chloral hydrate was administered to quiet him, the drug being given 
in more than ordinary therapeutic amount. He was found dead in 
his cell the following morning. The pathological diagnosis was as 
follows; 

Acute alcoholism. Chloral hydrate poisoning. Passive congestion 
and stasis of all organs. Edema of lungs. Chromatolysis of cortical 
cells. Lipoidosis of adrenals. Early sclerosis of aorta. Excessive 
hemolysis. 

Microscopic examination of the testes showed very few sperma- 
tozoa. The lumina of the tubules appeared dilated, largely because 
of the thinning of the epithehmn. There was a well marked vacuolar 
change in both cytoplasm and nuclei, especially the latter. In cer- 
tain tubules the vacuolar change occupied an intermediate zone and 
in a few the apparent transposition of the order of spermatogenetic 
cells, noted by Kostitch, was seen. In these areas a row of sper- 
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matids -was found external to a zone of spermatocytes of the second 
order. Apparently these spermatocytes had suffered an arrest of de- 
velopment while the epithelium beneath them had brought on a 
new generation of spermatids. Free teratocytes, masses of cyto- 
plasm with multiple nuclei, were found in small numbers. Usually 
two or four nuclei were present in each; in one, twelve could be 
counted. There were a few giant nuclei. There was no increase in 
the stroma. 

The possibility that chloral hydrate poisoning was a factor in pro- 
ducing the changes found cannot be entirely excluded. It wiU be 
recognized, however, that the deviation from the normal is more 
marked than in any of the previously described cases. Not more 
than five or six hours had elapsed between the administration of 
this drug and death. It is impossible that the changes found could 
have been produced entirely within that interval, although they 
may have been intensified. 

Case 8. A farmer, formerly a miner, had been drinking heavily 
for some time and was intoxicated during the day and evening pre- 
ceding his death. He went to sleep in a bam with a companion and 
was found dead the next morning. The autopsy yielded the follow- 
ing diagnosis: 

Homicide. Fracture of intervertebral disc between sixth and 
seventh cervical vertebrae. Laceration of cord. Fresh traumatic 
ecchymoses of skin and cervical tissues with massive, fresh, retro- 
phar3mgeal hematoma. Hemorrhagic suffusion of all mediastinal 
tissues. Death by asphyxia. Pulmonary stasis, edema and pete- 
chial hemorrhages. Old healed tuberculosis of lungs and of bron- 
chial, mediastinal, mesenteric and retroperitoneal lymph nodes. 
Old adhesive pleuritis. Coronary sclerosis. Atrophy of myocardium. 
Epicardial sclerosis. Atherosclerosis of aorta. Chronic catarrhal 
gastro-enteritis. Acute exacerbation of chronic alcoholism. Atro- 
phy, acute passive congestion and parenchymatous degeneration of 
aU organs. Obliterated appendix. Old vesiculitis. Glandular hj^er- 
plasia of prostate. Old infarcts in renal cortex. Hypertrophic 
spondyhtis of the lower thoracic vertebrae. Lipoma of perineum. 

Death must have occurred in a relatively short time after injury 
to the cervical vertebrae and spinal cord. The changes described for 
the testes were of an acute zonal character and could not have been 
produced by the asphyxia resulting from that injury. 
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Microscopically the iestes showed active spermatogenesis with 
normal appearing spermatozoa in many tubules. The lumina of 
the tubules were somewhat dilated and contained many desqua- 
mated spermatids and spermatocytes both singly and in clumps. 
A few multinucleate forms were included among these. The greatly 
thinned epithelium showed a well marked vacuolar change. Giant 
nuclei in small numbers were noted. In addition to a slight diffuse 
thickening of the basement membrane there were patches of fibrosis 
of the syphilitic type. 

Case 9. A man, aged 44 years, was found unconscious in his bed. 
He was taken to the hospital, but died within twenty-four hours 
without regaining consciousness. The reflexes were unaltered and 
there was no paralysis. There were no marks of violence upon the 
body. Aside from the coma, frequent diarrheic stools were the only 
symptom. The diagnosis as determined at autopsy was as follows: 

Acute exacerbation of chronic alcoholism. Beer drinker’s liver, 
early stage. Chronic parenchymatous nephritis of moderate degree. 
General sclerosis. Acute and chronic passive congestion of all 
organs. General atrophy. Lipoidosis of adrenals. Syphilitic atro- 
phy of testes. Chronic leptomeningitis. 

Upon microscopic examination the testes showed almost complete 
aspermatogenesis. In only two tubules were normal-appearing 
spermatozoa found. There were but few free cells and the greatly 
thinned epithelium showed a marked vacuolar change. In certain 
tubules this was zonal in position, affecting spermatocytes most 
severely while a single row of spermatids near the lumen showed but 
little change. Neither teratocytes of the multinucleate form nor 
giant nuclei were found. The changes in the germinal epithehiun 
were the most marked of any in the series. Numerous patches of old 
syphilitic fibrosis and a slight diffuse thickening of the basement 
membranes occurred. 

In Table I the chief histological changes in the testes of these nine 
cases are summarized. The cases have been described above in an 
order which was determined in so far as possible by the duration of 
the acute alcoholism. In some instances relatively little was known 
m regard to this point, but the history and the general autopsy find- 
ings have been taken together somewhat arbitrarily to determine 
this order. In Table I, however, the order has been determined by 
the stage and degree of severity of the testicular changes alone. 
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TABLE I 

Summary of Microscopic Findings with Cases Arranged in Order of Increasing Severity 

of the Degenerative Process 


Case Numbers 



I 

2 

6 

3 

4 

s 

8 

7 

9 

Normal appearing spermatozoa present 

++ 

+ 

++ 

+ 


+ 

+ 

d= 

bb 

Lumen occupied by masses of free cells 

B 

fl 

fl 

+ 

+ 

+ 

+ 

- 

- 

Tubules dilated 


"h 

+ 

+ 


- 

d= 

+ 

bb 

Epithelium thinned 

fl 

fl 

B 

+ 

+ 


+ 

-f. 

+ 

Spermatids increased 

+ 

++ 


B 

B 

fl 

fl 

B 

fl 

Spermatocytes increased 


++ 

db 

■ 

B 

■ 

B 

■ 

■ 

Vacuolar degeneration of cytoplasm . . 

- 

- 

d= 

+ 

+ 

+ 

+ 

+ 

++ 

Vacuolar degeneration of nuclei . . . 

- 

- 


- 


B 

B 

-f 


Zonal degenerative changes 

- 

- 


- 

+ 

fl 

fl 

ds 

+ 

Teratocytes 

- 

- 

_ 

- 

+ 

+ 


+ 

- 

Giant nuclei 

- 

+ 

=±= 

+ 

+ 

+ 

+ 


- 

Diffuse fibrosis of basement membrane. 

- 

db 

=b 



- 

+ 

fl 

4* 

Fibrosis of syphilitic type 

- 

- 

- 

1 

j 

+ 

+ 

+ 

1 

+ 


Some degree of parallelism exists between the two arrangements. 
This might have been closer if more accurate histories had been 
available. 

Spermatozoa: Normal appearing spermatozoa were found in every 
case, although they were very few in two instances. This material 
had been fixed and stained by routine methods only (chiefly formol 
fixation with hemalum and eosin staining) so that finer morpho- 
logical deviations could not be adequately investigated. Judgment 
had to be based very largely upon nuclear form and chromatin con- 
tent. In spite of the marked degenerative changes present sperma- 
togenesis had taken place recently or was still taking place in every 
instance. This supports the belief that the processes here described 
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are essentially acute in nature, and leaves open tlie possibility of im- 
pregnation during the stages of degeneration represented in this 
group. 

Increase in Spermatids and Spermatocytes: In the first, and to a 
more marked degree in the second case, the increase in spermatids 
and spermatocytes was striking. Many tubules appeared as soHd 
masses of cells, the lumen having been encroached upon so much as 
to be practically obliterated. This apparent retardation of sperma- 
togenesis with resulting accumulation of immature forms occurred 
only when evidences of more severe degenerative changes were lack- 
ing. It must be considered one of the earlier manifestations of this 
type of injury. 

Desquamation and Reduction of the Epithelium: With somewhat 
more severe injury extensive desquamation of the inner layers of the 
thickened epithehum occurred and free spermatids and sperma- 
tocytes as well as clumped aggregates appeared in the lumina. With 
this process vacuolation of the remaining epithelium was usually 
present. The epithelium was reduced to two or three layers of cells 
in those tubules with marked desquamation. This produced the ap- 
pearance of dilatation of the tubules themselves due to the wide 
lumina. While no accurate measurements were attempted because 
of lack of standardization in fixation it was evident that the tubules 
themselves were actually somewhat smaller than normal. 

Vacuolar Degeneration: Vacuolar degeneration of the cytoplasm 
was found in all of the more severely injured testes. This vacuola- 
tion is hydropic in nature and is part of a process leading in its most 
advanced stages to liquefaction necrosis. In three instances small 
vacuoles were found within the nuclei also. An interesting picture 
was presented by the four cases in which the vacuolation occurred 
with a zonal distribution, affecting spermatocytes or spermatogonia 
more severely than the spermatids nearer the lumen. 

Atypical Forms: Without special methods the more minute de- 
viations from normal in karyokinesis cannot safely be described. 
That such must have been present was shown by the grosser varia- 
tions in morphology which were constantly encountered when de- 
generative changes were marked. These were chiefly of two sorts. 
In the basal layer hyperchromatic cells, some with enormous single 
nudei which have been called “giant” nuclei were frequently foimd. 
In the lumen, and also still attached to the waU, multinucleate 
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“teratocytes” were frequently encountered. These had the ap- 
pearance of being formed by repeated nuclear divisions without cor- 
responding fission of the cytoplasm. Especially was it true of those 
with many nuclei that the amount of cytoplasm present was insuf- 
ficient to sustain the belief that the teratocyte had been formed by 
the fusion of previously separate units. 

Fibrosis: In four of the nine cases patches of fibrous orchitis of 
syphilitic type were found. It has previously been pointed out that 
this condition has nothing in common with the changes which are 
attributed to alcohol and cannot be confused with them. In three 
instances there was a slight, and in two a moderate, diffuse fibrosis 
of the basement membranes. It is possible that there may be a re- 
lationship between this and chronic alcoholism but at present there 
is no evidence by which this can be either affirmed or denied. 

Lack of Specificity: The changes which are here attributed to 
acute alcoholism are in no sense specific for that condition. There 
are apparently many extrinsic factors which can produce similar 
degenerative processes. We have been able to duplicate every aspect 
of them in experimental lead poisoning in guinea pigs, and Mills ® 
has described similar changes associated vdth pneumonia. Neither 
is there proof that alcohol acts directly upon the germinal epi- 
thelium. The immediate damage may be elsewhere, perhaps in the 
liver, and the testicular effect secondary. 

Blastophthoric Significance: The significance of such a marked 
degenerative process as was found in the testes of these cases of 
acute alcoholism is evident. The changes described exceed in degree 
those which are produced in the course of the experimental de- 
monstration of alcoholic blastophthoria by means of breeding experi- 
ments. It is certain, in view of the atypical cell forms and the 
marked degeneration of both cytoplasm and nuclei, that abnormal 
spermatozoa are produced. This demonstrates, therefore, a mor- 
phological basis for experimental alcoholic blastophthoria, for prior 
to the development of such marked degenerative changes, sperma- 
tozoa capable of giving rise to defective offspring must be set free. 
Procreation during a period of intoxication thus entails a definite 
hazard as to the quality of the offspring which may result. There 
is experimental evidence to show that the basal layer of cells in the 
tubular epithelium (primitive germinal epithelimn) suffers the least 
and is capable of regenerating a new series of spermatogenetic cells. 
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Summary 

In the testes of nine men who died in a period of acute alcoholism, 
parenchymatous degeneration leading, when sufficiently marked, to 
practically complete aspermatogenesis was found. In the testes 
showing less severe changes there was an increase in spermatocytes 
and spermatids with a decrease in spermatozoa. As a more severe 
change this was followed by desquamation releasing free cells and 
masses of cells in the lumina of the tubules. Vacuolation of the 
cytoplasm, sometimes zonal in character, and in severe cases vacuo- 
lation of the nuclei, occurred. The vacuolated epithelium became 
reduced to but one to four layers of cells, only the basal layer being 
intact. Atypical cell divisions producing hyperchromatic giant 
nuclei and multinucleate teratocytes were numerous. 

These observations place clinically recognized, and experiment- 
ally induced, alcoholic blastophthoria upon a morphological basis. 
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Plate i 

Fig. I. Case i. The early effects of acute alcoholism upon spermatogenesis. 
Spermatocytes and spermatids increased in number, spermatozoa de- 
creased in number, x 465 

Fig. 2. Case 2. Marked increase in number of spermatocytes and spermatids 
■with reduction in spermatozoa. Cell masses nearly occlude the lumina 
of the tubules, x 325 
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I^Iale Germinal Epithelium in Acute Alcoholism 









Plate 2 


Fig. 3. Case 3. Reduction of number of layers of epithelial cells h.y desquama- 
tion and vacuolation. .Sperm heads with cellular debris in the widened 
lumen, x 465. 

Fig. 4. Case 4. IMarked thinning of the epithelium with desquamation of 
spermatids and spermatocytes. Giant nuclei among the spermatocytes 
and also in the basal layer of the epithelium, x 465. 
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Plate 3 


Fig. 5. Case 4. Vacuolar degeneration of the epithelium with desquamation. 
Hyperchromatic giant nucleus in the basal layer, x 465. 

Fig. 6. Case 5. Desquamation of spermatids and spermatocytes, filling the 
lumen with cells. Marked vacuolar degeneration of remainder of germinal 
epithelium, x 465. 
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Plate 4 


Fig. 7. Case 6. Multinudeate teratocyte in tubule in lower center of field. 
X130. 

Fig. 8. Case 6. Vacuolar degeneration and desquamation, these changes being 
more severe in this tubule than was general for this testis, x 465. 
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Plate 4 



Plate s 

Fig. 9. Case 7. H3'perchroraatic giant nuclei in the basal laj^er of the epithe- 
lium. X 465- 

Fig. 10. Case 8. \’acuolar degeneration and desquamation. Multinuclear 
teratocyte in upper portion of field, x 465. 
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Plate 6 

Fig. II. Case 9. Lower power to show extreme degree of vacuolar degenera- 
tion of spermatocytes with marginalh' disposed non-vacuolated sper- 
matids. X 140. 

Fig. 12. Case 9. Zonal vacuolar change with non-vacuolated spermatids and 
spermatocjdes adhering to the wall. Numerous hi'per chromatic nuclei, 
but not of “giant” size, x 465. 
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THE VENOUS DRAINAGE OF THE CAT SPLEEN * 

W. L. Robinson, B.A., M.B. 

{From the Department of Pathology, University of Toronto, and The Toronto General 

Hospital, Toronto, Canada) 

As has been established in a previous communication,^ the circula- 
tion through the spleen is an open one. The arterial system termi- 
nates in a widely distributed series of capillaries which in the dog, cat 
and sheep open out in a bell-shaped manner, and in the human in 
ampuUary dilatations with oval-shaped apertures to discharge their 
contents into the pulp spaces. The pulp which represents the func- 
tional part of the spleen is formed by a vast network of reticulo- 
endothelial cells (pulp cells), supported by delicate threads of retic- 
ulin. The general construction is such that the elements of the 
blood are brought into intimate contact with the pulp cells, which 
have been shown by the author ^ to play an important part in the 
filtrative function exerted by this organ. 

From the above findings it is obvious that the venous system is in- 
dependent of the arterial system and manifests its chief function by 
draining the pulp spaces of their contents. Mall ® has shown the 
emptying of the spleen is largely brought about by a contraction of 
the trabecular framework, which by virtue of its attachments to the 
walls of the veins puUs them open and at the same time compresses 
the pulp. During the contractions of the capsule and trabeciilae a 
pressure may be built up in the venous system which is higher than 
that on the arterial side. Under these circmnstances the blood no 
doubt is prevented from flowing back into the arteries by the con- 
comitant compression of the ellipsoids with that of the pulp. The 
ellipsoids therefore function as check-valves for the arterial system. 
The rate of flow of blood through the normal dog spleen is not very 
great, being, according to Mall about 5 cc. per minute. I have foimd 
in perfusing cat and dog spleens with a pressure head of seventy-two 
inches of water on the arterial side and a back pressure of ten inches 
on the venous side, the spleen being fuUy distended, that the outflow 
of fluid from the vein averages 6 cc. per minute. This is fairly con- 

* Received for publication July 5, 1929. 
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stant. On the other hand when the spleen is fully distended with the 
perfusing fluid and the back pressure on the venous side released, 
there is a sudden flow of the fluid from the vein out of all proportion 
to the rate of inflow. This keeps up until the pulp system is partially 
emptied. Following this the rate of outflow becomes normal, being 
as in the first case, the same as the arterial inflow. It is seen therefore 
that there is a considerable disproportion between the rate of inflow 
and the possible rate of outflow. Barcroft has shown that consider- 
able variations in size of the spleen may occur in the hving animal. 
This he considers to be an emergency measure for the sudden flood- 
ing of the circulation with stored up blood elements from the spleen. 
These observations indicate a very free and intimate connection be- 
tween piflp spaces and venous channels, much more so than between 
arterial system and pulp, else why the rapid empt5dng of the spleen 
as compared with its filling time? The communicating channels be- 
tween the pulp spaces and the veins must therefore be numerous and 
of generous proportions. The study of this relationship of the venous 
system to the pulp in the cat spleen represents the subject matter of 
this paper. 

The venous sinuses are readily recognized in sections of distended 
spleens, particularly in those of dogs and humans. In the latter their 
cubic content appears to be almost as great as that of the pulp itself. 
In his excellent phylogenetical study of the venous capillaries of the 
spleen Mollier ® found that while there were certain fundamental 
principles of structure common to aU, variations in the character of 
their walls in the different species were manifested. In the more 
primitive types the pulp tissue itself is used unchanged in this bound- 
ing process, the veins being nothing more than a continuous series of 
pulp spaces of uniform size. The higher types have more clearly de- 
fined walls made up of a specialized layer of endothelium. He has 
made an exhaustive study of these variations in structure and in aU 
of them, even in the most highly developed, he has shown that their 
walls are incomplete. Fenestrations or stomata are present which 
communicate with the pulp spaces to allow for the ebb and flow of 
the blood elements between the venous capillaries and the pulp. The 
bulk of his discussion centered about the presence or absence of these 
openings in the capillary walls and the character of the fining cells 
which would allow for such fenestrations. Apart from the discussion 
on the structure of the walls of the veins, one woxfld gather from his 
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paper that he believed the arterial and venous systems to be a unity, 
for he states that the venous capillaries “do not form an independent 
system but are merely canals (Gange) formed in the pulp tissue.” 
He believed the spleen to have a closed circulation except for the ebb 
and flow, as described above, through the sieve-like walls of the ve- 
nous capillaries. This conception however in the light of our findings 
is untenable. The arterial capillary system is independent and is sep- 
arated from the venous system by the pulp spaces. Having identified 
and described the terminations of the arterial system in the pulp I 
was anxious to demonstrate the beginnings of the venous system. 
As far as dog, human and sheep spleens were concerned I was unsuc- 
cessful. Recently however while examining sections of distended cat 
spleens with a Zeiss binocular microscope with stereoscopic attach- 
ments, I was able to identify definite expansions of many of the 
venous capillaries which I concluded were the beginnings of this 
system. 

Fresh cat spleens were used. The collateral circulation was care- 
fully tied off and cannulae inserted into the splenic artery and vein. 
The spleen was taken out and placed in warm normal physiological 
saline. To avoid the possibility of tearing the delicate structures of 
the pulp tissue it was found advisable first to perfuse the spleen by 
way of the artery with warm normal physiological saline. A pressure 
head of about seventy-two inches (water), on the arterial side was 
found necessary to establish the flow of the perfusing fluid. Finally 
before the spleen could be completely distended it was necessary to 
produce a certain amount of back pressure on the venous side. This 
was done by attaching a piece of rubber tubing to the cannula in the 
vein and raising the outlet ten inches above the spleen. When the 
spleen was fully distended and the return flow of fluid from the vein 
clear, the physiological saline supply was cut off and the cannula in 
the artery connected to a supply of Zenker’s fluid at the same pres- 
sure head. The perfusion of Zenker’s fluid was allowed to continue 
until aU the tissues were thoroughly bathed in the fixative and the 
saline well replaced by the fixing fluid. The vein was then clamped 
off and the saline in the dish about the spleen replaced by Zenker’s 
fluid. The spleen was then left with a slightly reduced pressure head 
of Zenker’s fluid still maintained on the arterial side for some two or 
three, horns. The artery was then clamped and the spleen left for 
twenty-four hours in the fixative. Blocks were carefully cut with a 
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sharp knife, washed, dehydrated and embedded in parafl&n in the 
usual manner. 

The spleen in its distended state is very spongy. It was found 
therefore advantageous to cut the sections at 20 to 25 microns. The 
thin film y membranous walls of the veins in the cat spleen are very 
difl&cult to demonstrate unless properly stained. The most satisfac- 
tory stain, I found, was Heidenhain’s iron hematoxylin, staining 
deeply and differentiating only sufficiently to take out some of the 
excess stain. No coimterstain was foimd necessary or advisable. 
The minute structures of the venous system could then be demon- 
strated in a very striking manner in stereo with the Zeiss binocular 
microscope. 

Tracing the venous system backward from the hilum, the large 
collecting veins before entering the spleen were found to be s imil ar in 
structure to those in other parts of the body. Their wall consisted of 
an inner lining of endothelial cells supported by a thin muscle coat 
and outside of this a layer of loose areolar connective tissue. They 
were closely approjdmated by the branches of the splenic artery, 
artery and vein usually entering the spleen together. The general 
distribution of the arteries and veins throughout the spleen was, I 
found, as described by Mall.® That is, the veins and arteries tended 
to diverge and occupy positions within the splenic lobules quite 
separate from one another. 

The entrance of the veins into the spleen usually occurred at a 
point where the trabeculae formed their attachment to the capsule, 
the capsule here being slightly invaginated. I was able to find how- 
ever at certain points between trabecular attachments to the capsule 
that small branches of the hilum veins directly penetrated the cap- 
sule at an angle to open out into the adjacent pulp tissue. This how- 
ever was not the usual finding. Of the three coats just described, 
only one, the inner lining layer of endothelial cells was found to con- 
tinue on into the spleen. The muscle coat and adventitia stopped 
abruptly at the capsule. From this point on, the venous system 
through the spleen was found to be capillary in nature, consisting of 
a series of branching channels whose walls were made up of a single 
layer of endothelial cells. On entering the spleen the veins first pxur- 
sued a course in the center of the trabeculae for variable distances. 
These represented the interlobular veins described by Mall, They 
were supported directly by the longitudinal muscle, elastic, and con- 
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nective tissue fibers of the trabeculae. A few short branches were 
given off to the surrounding pulp tissue. These were similar to the 
terminal branches and will be described later. 

Tracing farther the interlobular vems in their course within the 
trabeculae one found that they very soon veered off into the pulp tis- 
sue proper. They are supported now only in part by the trabecular 
fibers. Looking at them in cross-section one finds that this support is 
anywhere from a small fraction to almost the whole of their circum- 
ference. Where supported, the endothelial cells are l3dng directly 
upon the trabecular fibers. Where unsupported, the walls consist 
merely of a single syncytium-hke layer of endothelial cells in direct 
contact with the neighboring pulp cells. In the unsupported portions 
I was able to observe rounded or oval-shaped stomata which com- 
municated directly with the neighboring pulp spaces. Their margins 
in many cases were everted, giving them an appearance very much 
like short, side branches which expand out in a bell-shaped manner 
to communicate with the pulp spaces. They were however not nu- 
merous and must play but a minor part in the drainage of the pulp as 
a whole. 

Following the veins into the pulp I found that they soon became 
completely independent of the trabecular fibers as a supporting 
structure. Frequently however attachments between them were 
seen. After running a course of not more than 0.3 mm. the final 
branching occurred. These vessels being independent of the tra- 
beculae and lying wholly within the lobule were called by Mall the 
intralobular veins. In their first part they consist of channels having 
thin walls made up of a single layer of syncytium-like endothehal 
cells supported directly by reticulum and the neighboring pulp cells. 
Their nuclei are oval and somewhat flattened. They are compara- 
tively few in number. They appeared to have no definite arrange- 
ment except that their long axis was the same as that of the vessel. 
Their cytoplasm was drawn out into thin protoplasmic sheets, one 
cell blending -with another in such a manner that it was impossible to 
distinguish them. Niimerous rounded or oval-shaped stomata were 
found in their walls, very similar to those previously described. 

Finally with the next system of branching, the end of the venous 
system was reached. These, functionally, are probably the most im- 
portant branches. They vary from o.i to 0.5 mm. in length. Their 
walls in the first part are fairly well defined but as they reach the 
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terminus they end in such an indefinite manner that they are almost 
indistinguishable from the pulp cells. They are similar in structure 
to the branches just described but their stomata are larger and more 
numerous. As one traces a branch to its terminus one finds that the 
stomata become larger, gradually approximating those of the ad- 
joining pulp spaces. In this way the stomata gradually become pulp 
spaces and the bounding cells, pulp cells. The terminus therefore 
may be very difi&cult to identify. Sometimes however the branches 
seem to end in a sort of an ampullary dilatation with numerous sto- 
mata opening out in all directions. Again one might find the walls 
gradually converging to terminate at a point. The stomata as before 
become larger as this point is reached. In all cases these branches 
were found to terminate in the pulp. I was unable to identify any 
direct communicating channels between artery and vein. 

As we have been tracing the system backward the branches just 
described as terminal are, in truth, the beginnings of the venous sys- 
tem. These, I think, might be called the primordial branches to dis- 
tinguish them from others which are more or less collecting channels. 
The obvious course of the blood fiow from the pulp to the venous sys- 
tem is through the large stomata in the primordial branches, A cer- 
tain amount, of course, must also flow directly from the pulp through 
the stomata of the intralobular veins and interlobular veins where 
not ensheathed by the trabeculae. 

MoUier’s explanation of the circulation through the spleen as 
being through a continuous system of tubules is therefore wrong. 
The venous system is independent as is also the arterial system. His 
description and study of the phylogenetical development of the 
venous capillaries is very complete and I quite agree with his con- 
ception of the structure of their walls as seen in the various animals. 
While he mentions the fact that he has made a study of cat spleens 
as well as those of many other animals, he neglects in his text to com- 
ment particularly on their structure. It may have been that the 
smallness of the venous system in the cat made it unattractive for 
detailed study. This however has been a feature which has enabled 
me to find the solution of the beginnings of this system. 

Because the veins in the cat have been shown to have definite be- 
ginnings in the pulp spaces does not prove that such a condition 
exists in other mammals. In the human, sheep, ox, rabbit, guinea 
pig and dog spleens one finds a very extensive system of venous cap- 



VENOUS DRAINAGE OF CAT SPLEEN 


25 


illaries which, particularly in the human, almost overshadow that 
of the pulp. In some animals, as MoUier has shown, the veins con- 
sist merely of “retiform spaces following upon one another and re- 
duced to the same calibre to form coimected net-like tubes with per- 
forated walls.” In. others, particularly in the human spleen, they 
have well defined walls made up of a protoplasmic syncytial lattice of 
longitudinal bands united by transverse bridges and supported by a 
reticulum; a perforated structure having stomata of various sizes and 
shapes. The stomata however are so numerous and of such size that 
one can readily conceive of an adequate flow of blood elements 
through them from the pulp to the venous system without the neces- 
sity for any definite beginning to the system. On the other hand, in 
the cat the venous capillaries are short and for the most part boimded 
by a protoplasmic lining mth very few stomata. Such a system 
must have an adequate number and size of openings to allow for a 
sufficient flow of blood from the pulp to veins when the necessity 
arises. These I think I have demonstrated quite conclusively in 
the large stomata of the primordial branches which have their be- 
ginnings de novo in the pulp. 


Summary 

1. The venous capillary system in the spleen of the cat has been 
shown to have definite points of origin in the pulp. 

2. The venous capillary system in the spleen of the cat is inde- 
pendent of the arterial system. 

3. The independence of the venous capillary system as seen in the 
cat spleen may be taken as further proof of the open circulation of 
the spleen. 

Note: I am indebted to Professor Klotz for much helpful advice 
and guidance in the conduct of this work. 
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DESCRIPTION OF PLATES 


Note: The illustrations may be viewed stereoscopically by placing the narrow 
edge of a blotter midway between the two pictures, the nose touching the oppo- 
site edge. Two pictures are seen at first but if one continues to focus the eyes on 
them they will blend into one picture giving a three-dimension view. 


Plate 7 

Fig. 1. A primordial vein of the cat’s spleen, illustrating its indefinite point of 
origin in the pulp. Note the large stomata in its first part, x 400. 





Plate 8 


Fig. 2. A short primordial branch beginning in an ampulla-hke dilatation and 
showing numerous large stomata in its wall, x 400. 

Fig. 3. A primordial branch having a more or less definite point of origin in the 
pulp. From here the walls gradually expand to the full diameter of the 
vein. Numerous large stomata are seen in its wall, x 400. 






NEURO-EPITHELIOMA (GLIOMA) OF RETINA 
WITH METASTASES* 

C. H. Hu, M.D. 

{From the Department of Pathology, Peking Union Medical College, Peiping, China) 

Cases of neuro-epithelioma (glioma) of the retina with metastases 
to organs are rather rare. In the following two cases a striking pic- 
ture of metastases was found at the postmortem examination. The 
findings in the first case are especially valuable, since it was possible 
to carry on the autopsy to its utmost completeness. 

CASE 1 . Clinical History: A Chinese boy, 4 years old, came to Peking Union 
Medical College Hospital April 30, 1925, because of a protruding mass in the left 
eye. His family history was negative. Two or three years earlier he had had 
smallpox. Following the attack of smallpox a scar was seen in the cornea of the 
left eye which was at that time found to be “blind.” Three and a half months 
before admission a tumor appeared in the left eye, accompanied by local discom- 
fort. This tumor grew rapidly, reaching the size of a man’s fist at the time of ad- 
mission. Physical examination showed the child to be imderdeveloped and un- 
dernourished, with the left eye completely destroyed by a large protruding 
tumor mass (Fig. i). The right eye was normal. On the head were three small 
masses; one in the left frontal region, another in the left temporal region, and the 
third in the left preauricular region. Cervical lymph nodes were moderately en- 
larged. On May i, 1925 the tumor of the left eye was removed by exenteration 
of the orbit. 

Pathological Report 

Specimen is that of a tiunor of the left eye, soft in consistency, red 
or dark red in color and measuring 8 by 6.5 by 6 cm. The eyeball is 
not recognizable. A portion of the skin of the upper eyeUd is at- 
tached to the tumor. The surface of the extra-orbital portion of the 
tmnor is rough and covered with fibrinopurulent exudate. On section 
the cut surface is generally soft and dark red with a few scattered 
areas of yellow, but in the center there is one gra)rish white area 
measuring about 2.5 by i cm. 

Microscopic Examinalioti: Microscopically, under low magnifica- 
tion, the tumor appears very cellular with only a small amount of 
fibrous stroma. In the tumor tissue there are many areas of necrosis 

* Received for publication August 16, 1929. 
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and hemorrhage. The necrosis involves especially the cells which are 
a short distance away from the blood vessels. Under high magnifica- 
tion, two types of tumor cells are seen, both showing numerous 
mitotic figures. The first type (Fig. 15), to which the majority of the 
cells of the tumor belong, are small, rounded and lymphocyte-like 
with only a small amount of cytoplasm, and with nuclei which are 
roimd and deep-staining. The other type (Figs. 10, ri, 12, r3 and 
14) consists of elongated or columnar epithelial-like cells arranged as 
a rule in single rows. Their nuclei are oval or elongated and at the 
poles of each there is found a moderate amount of cytoplasm. The 
cytoplasm at the base of the cell sometimes stretches out to form a 
pseudopod of varying thickness, which is attadied to a thin band of 
fibrous tissue or to the wall of a blood vessel. The cytoplasm at the 
opposite end of the cell shows only slight irregularity of the free sur- 
face caused by the presence of small protoplasmic excrescences. The 
free surface of these cells is frequently covered with either round or 
necrotic cells, or is in close approximation with the free surface of the 
similar epithelial-like cells which are arranged in the opposite direc- 
tion. These cells frequently tend to form curved rows or rosettes. 
Those which form the rosettes usually have no pseudopods nor fi- 
brous nor vascular attachments. Each rosette consists of from ten 
to thirty or more cells. The lumina of many of the rosettes contain 
loose cells, both living and necrotic. No typical rods and cones are 
found. Neuroglia fibers are not demonstrated by the phosphotung- 
stic acid hematoxylin stain. 

Diagnosis: Neuro -epithelioma (glioma) of retina with extrabulbar 
extension. 

On May 3, 1925, a fluctuating swelling, 3.4 by 2.2 by 0.5 cm., appeared in the 
right superciliary region. Following this, numerous other swellings appeared. 
A photograph of the patient on June 6, 1925, is shown in Figure 2. On June 25, 
1925, the patient died. 


Autopsy Report 

The body is that of a well developed but greatly emaciated 
Chinese boy weighing 7285 gm. and measuring 88 cm. in length. 
The left eye is absent with the optic cavity partly filled with soft, 
gray, necrotic tissue. The right eye is pushed downward by a tumor 
mass 6 cm. in diameter which extends up into the right superciliary 
region. The cornea shows a small ulcer in the center. The lower lid is 
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swollen. Over the left frontal eminence is a tumor mass 5 cm. in 
diameter. Another mass the size of a walnut is in the left preauri- 
cular region. A few others are palpable underneath the scalp along 
the parietal and the parietofrontal sutures. Only the cervical and 
the inguinal lymph nodes are palpable, some of these being about 
2 cm. in diameter. The left parotid gland is large and infiltrated by 
tumor tissue. 

Peritoneal Cavity: The peritoneal cavity is normal except that the 
retroperitoneal lymph nodes are greatly enlarged, some of them 
along the pelvic brim reaching 4 cm. in diameter (Fig. 9). They are 
filled with white soft tumor tissue which on section shows areas of 
necrosis and hemorrhage. 

Pleural Cavities: On each side of the spinal column and on the 
inner surfaces of the ribs are several white or hemorrhagic, soft 
tumor masses either rounded or irregular, each well covered by the 
parietal pleura. The largest mass is 5 cm. in diameter. 

Shill and Dura: On separating the scalp from the calvarium 
large, soft, hemorrhagic tumor masses are exposed. The largest 
measuring 5 cm. in diameter is in the frontal bone and the others 
which are smaller are found along the cranial sutures (Figs. 3 and 4). 
These masses have worn through the calvarium and are deposited on 
the external surface of the dura (Fig. 5). The inner surface of the 
dura shows only two rounded tumor masses, each measuring about 
2 cm. in diameter, and projecting into the left frontal lobe of the 
brain. When the dura was removed these two masses were left 
buried in the brain. The superior longitudinal, the left lateral, and 
the left superior and inferior petrosal sinuses are filled with thrombi. 

Brain: (Fig. 6). Large and small areas of hemorrhage are found 
on the surfaces of the left frontal lobe and the anterior portion of the 
right parietal lobe. The superficial cerebral veins in these hemor- 
rhagic areas are mostly filled with firm, grayish white, inelastic 
thrombi. The two tumor masses which broke away from the diura 
when the latter was removed are found in the left frontal lobe, one 
situated in the posterior portion of the superior frontal gyrus, and the 
other in the anterior portion of the middle frontal gyrus. The brain 
tissue in the immediate vicinity of these tumor masses is greatly com- 
pressed and shows multiple hemorrhages. Sections made through the 
entire brain show wide-scattered hemorrhages in the fissures and in 
the adjoining brain substance. The hemorrhage is especially marked 
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in the left temporal lobe, in which the brain substance has been con- 
verted into a soft, dark red mass. The right optic nerve is normal in 
gross. The entire left optic nerve, except for r mm. near the optic 
chiasm, is infiltrated with tumor and the extracranial portion of the 
nerve is necrotic. 

Spinal Cord: The spinal cord is normal. In the upper sacral region 
a few small masses of soft white tumor tissue are present outside of 
the dura and in the pia-arachnoid. 

Bones: The tumor masses in the calvarium have already been 
described. In the head the tumor tissue is also found in the body of 
the sphenoid bone, the sinus of the frontal bone, the basilar process 
of the occipital bone, the bones of the left orbit and the mandible. 
In the latter the tumor masses are found as subperiosteal swellings 
on the external surface of the left ramus and on the external and 
internal surfaces of the right ramus. Longitudinal sections of all the 
bodies of the vertebrae show on the cut surface large and small areas 
of tumor tissue, irregular, opaque and yellowish white, in marked 
contrast to the red color of the surroimding myeloid tissue (Fig. 9). 
Similar opaque, yellowish white or gray areas are also found in the 
following bones: humeri (Fig. 8), scapulae, ribs, sternum, pelvic 
bones, femurs (Fig. 7) and calcanei. No evidence of tumor is found 
in the other bones. The tumor in the scapulae and the ilia has lifted 
up and worn through the periosteum, and extended into the adjoin- 
ing muscles (the supraspinatus and the infraspinatus, the subscapu- 
lar, the gluteus medius, and the iliopsoas). In one humerus, and in 
both femurs the tumor has also worn through the cortex, forming 
subperiosteal swellings. All other organs are normal. 

Microscopic Examination: The metastatic tmnors in different 
localities (Figs. 16, 17, 18 and 19) show histological characteristics 
essentially similar to those of the primary tumor except that no 
rosettes are found, although there is a general tendency for the tumor 
cells to become elongated, especially in the bone marrow. The 
perivascular arrangement of the tumor cells, the necrosis and the 
hemorrhage are very conspicuous in some places. The amount of 
stroma is small, and in many places is represented by only a few 
delicate fibers radiating from the wall of the blood vessels of the 
tumor. 

Anatomical Diagnoses: Neuro-epithelioma (glioma) of retina with 
metastases to eyelids, left optic nerve, dura, meninges of spinal cord; 
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bones (frontal, parietal, occipital, sphenoid, bones of the orbit, 
mandible, scapulae, ribs, sternum, humeri, femiurs, calcanei, bodies 
of vertebrae); muscles (supraspinatus, infraspinatus, subscapulae, 
gluteus medius, ihopsoas) ; lymph nodes (cervical, retroperitoneal, 
inguinal); pleura, and parotid gland; and thrombosis of cerebral 
veins with extensive hemorrhage in the brain. 

CASE 2 . Clinical History: A German boy, 3 years old, was admitted to 
Peking Union Medical College Hospital on Nov. ii, 1921 because of protrusion 
of the left eyeball for eighteen months. The family and past histories were un- 
important. Eighteen months earlier his parents noticed a very faint yellowish 
spot in the pupil of his left eye which was then found to be blind. Six or seven 
months before admission this eye became more protruding. Frequent vomiting 
and nausea started three weeks ago. Physical examination showed the left eye- 
ball to be conical in shape and protruding (Fig. 10), the anterior chamber shal- 
low, the pupil round, widely dilated, no reaction to light, lens opaque and dis- 
located upward and to the temporal side. Operation for the exenteration of the 
orbit was done on Nov. 12, 1921. Toward the end of the operation patient 
stopped breathing and died. 

Pathological Report 

Eye slightly enlarged. Horizontal diameter 24.5 mm., anterior- 
posterior diameter 27 mm. Cornea clear and conical. Pupil dilated, 
immobile and slightly eccentric. Anterior chamber shallow. Pos- 
terior sclera invaded by pinkish gray tumor tissue. On equatorial 
section a tumor is found filling up the vitreous space and firmly at- 
tached to the retina and choroid on one side near the equator. Pos- 
teriorly the tumor covers the retina and the optic disc; anteriorly it 
covers the lens and the ciliarj’- body. Behind the retina there is a 
layer ofitumor tissue 1.5 mm. thick. The optic nerve is thick, friable 
and infiltrated by tumor tissue which is also present in the tissue re- 
moved from the optic cavity. 

Microscopic Examination: Microscopically the tumor is fovmd to 
be very cellular, consisting of closely packed cells with rounded or 
oval nuclei and a very small amount of cytoplasm. There are many 
mitotic figures (Fig. 22). No rosettes are found. The cells are well 
preserved around the blood vessels which are present in large nmn- 
bers, but those not in the immediate vidnity of the vessels are necro- 
tic (Fig. 21). The retina is entirely destroyed by the tirnior in the 
region about the optic disc, but farther away it is still intact. The 
vitreous is largely filled with tumor. The choroid is destroyed in 
places and its branching pigmented cells may be fovmd scattered in 
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the thick layer of tumor tissue between the pigmented epithelium 
and the sclera. The sclera is intact, although thinned out in places. 
No point is found at which the tumor dej&nitely penetrates the sclera. 
The tumor is present, however, outside of the sclera, enclosing the 
whole posterior aspect of the eyeball. The optic disc and the optic 
nerve are infiltrated by tumor and their normal structures are no 
longer recognizable. The tissue removed from the optic cavity also 
shows tumor. 

Diagnosis: Glioma of retina of the left eye with extension into the 
left orbit. 


Autopsy Report 

The body is that of an emaciated white boy, weighing 9 Kg., and 
measuring 84 cm. in length. The left orbit is exenter ated. The right 
eye is normal. None of the organs is remarkable except for the fol- 
lowing condition noted in the central nervous system; The surface 
of the cerebral cortex is covered with many minute grayish islands 
of tumor tissue in the pia-arachnoid, more marked along the vessels 
in the sulci than over the surface of the convolutions. At the base of 
the brain and on the surface of the cerebellum, pons and medulla, 
these islands coalesce and form larger and thicker patches varying 
from a few millimeters to 3 or 4 cm. in diameter (Fig. 23). Anterior 
to the optic chiasm is a soft, gray, oval tumor mass about 1.6 cm. in 
length, and i cm. in width and in thickness, pressing upon both the 
left and right optic nerves and on the chiasm itself. On section the 
superficial portions of the cortex of cerebrum and cerebelliun are 
found to be invaded by small nodules of tumor from the meninges. 
The lateral ventricles are slightly dilated. The epend3mial surface 
is covered by numerous rounded or flattened, single or conglomerate 
tumor nodules measuring up to 5 mm. in diameter. Larger tumor 
masses are found in the choroid plexus. The intra-orbital portion of 
the right optic nerve is infiltrated with tumor. The spinal cord, 
especially its lower half, is greatly thickened and fills the dural cavity 
tightly. Its pia-arachnoid is extensively infiltrated by soft, gra3dsh 
tumor tissue. On section the cut surface shows the tumor in the 
meninges invading the cord from all sides, especially from the dorsal 
side. A few small tumor masses are also found in the cauda equina. 

Microscopic Examination: The tumors in the brain and spinal 
cord (Figs. 24, 25, 26, 27 and 28) show the same type of cells as those 
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of the primary tumor in the left eye. Most of the secondary growth 
is found in the pia-aradmoid, covering the larger part of the surface 
of the brain and the cord. In some places it extends directly into the 
brain or the cord from the surface. In others it fills up the Virchow- 
Robin’s spaces and travels with the blood vessels into the deeper 
nervous tissue. The choroid plexus is almost entirely replaced by the 
tnmnr. The Spinal nerve roots are either completely surrounded by 
or heavily infiltrated with tumor. There is no evidence of tumor in 
the right eye, but the right optic nerve is found to be completely 
surrounded by a layer of tumor tissue. 

Anatomical Diagnoses: Glioma of retina of left eye with extension 
to the left orbit, brain, choroid plexus, spinal cord, meninges and the 
right optic nerve. 

Discussion 

Tumors of the retina, as illustrated by the above two cases, have 
long been called gliomas. It is, however, generally recognized that 
the glioma of the retina is quite different from the ordinary glioma 
of the brain in its rapid growth, greater tendency toward metastasis 
and its lack of glia fibers demonstrable by ordinary staining meth- 
ods. In 1891 Flexner ^ first showed the external granular layer of the 
retina as the origin of the tumor and called attention to the fact that 
cells of the “rosettes” corresponded to the rod cells and cone cells of 
the retina. He therefore proposed the name nemo-epithelioma of 
retina, which was adopted by Wintersteiner ^ in 1897. Lately, how- 
ever, the term retinocytoma has been suggested by Mawas ^ on ac- 
count of the dose resemblance of the neoplastic cells to the undif- 
ferentiated cells of the embryological retina. On the other hand, 
Urra^ and Ascunce,® having succeeded in demonstrating the pres- 
ence of gha fibers in this type of tumor, are in favor of calling it by 
its previous name — glioma. Finally, Bailey and Cushing,® who are 
inclined to believe that the cells of the rosettes are primitive spongio- 
blasts, have named the tumor containing rosettes spongioblastoma 
prumtivum retinae and that containing neurogha cells or nerve cells 
(both of which are derived from the retinoblasts) retinoblastoma. 

This wide variation in terminology is largely due to the fact that 
this type of tumor is essentially an embryonal multipotent new- 
growth. While its cells generally are not sufficiently differentiated 
to give one any definite information as to its true nature, it may in 



34 


HU 


various cases produce neuroglia cells, rod cells and cone cells, or even 
nerve cells/ This fact at once forces one to regard the retinal epi- 
thehum as the origin of the tumor, for it is only from this structure 
that all these elements can develop. The embryonal character of this 
type of tumor is further illustrated by the morphological resem- 
blance of the tumor cells to the cells of the embryonal retina, as al- 
ready pointed out by CoUins ^ and Mawas, by its rapid growth, and 
by its occurrence chiefly in young children. 

If this type of tumor is recognized as originating from the em- 
bryonal retina, it then becomes a simple matter to account for its 
microscopic variations — the presence of the imdifferentiated cells, 
the difficulty with which the glia fibers are demonstrated by ordinary 
methods, and the inconstant presence of the neuroglia, neuro- 
epithelial or nerve cells. The presence of rosettes in the primary 
tumor of Case 1 and their absence in the metastases can then be ex- 
plained by the more complete differentiation of the cells of the 
primary tumor than of those of the metastatic growths. 

It also becomes apparent that although we are still employing 
such terms as neuro-epithelioma or glioma of the retina, they are 
inadequate to designate this type of tumor, for such terms express 
the unipotent nature of the tumor which is, as a matter of fact, 
multipotent. 

Since the retinal epithelium is formed by the budding off of the 
medullary epithelium which later develops into the central nervous 
system, we may expect to find tumors of the brain and the spinal 
cord which are analogous to those found in the retina. This is in- 
deed the case. In the so-called neuro-epithelioma of the brain, 
structures similar to the rosettes of the retinal tumors are found. In 
the tumors called medulloblastoma by Bailey and Cushing both 
neuroglia cells and neuroblasts may be identified. These tumors, 
furthermore, present the same embryonal characteristics of the 
retinal tumor in their rapid growth, lack of cell differentiation, in- 
constant presence of one or another element and tendency toward 
spreading into the meninges. 

In regard to metastasis Wintersteiner gives the frequency with 
which the various organs are involved as follows : 
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Table I 

Brain and meninges 

Skull and bones of face 

Neighboring lymph nodes 

Parotid 

Skeletal bones 

Liver 

Spinal cord and meninges 

Kidneys 

Ovaries 

Lungs 

Spleen 


43 times 
40 “ 

36 “ 


9 

9 

7 

S 


2 “ 

2 “ 

I time 

T « 


To the above table the following cases of metastases to the distant 
organs may be added from the literature: 


Table II 

Brain and meninges 2 (Knapp,® Taylor and Fleming *“) 

Skull and bones of face 3 (Keys,*' Knapp,® Taylor and Fleming 

Distant lymph nodes 2 (Fehr,'* Taylor and Fleming 

Skeletal bones 4 (Fehr,*- Gardiner,” Knapp,® Taylor and 

Fleming”) 

Liver 2 (Knapp,® Radcliffe and Goldberg ”) 

Lungs I (Fieber”) 

Testes i (Gardiner”) 


From the above tables it will be seen that metastases in distant 
organs by way of the blood stream and the lymphatic stream are not 
common, as there are only twelve cases in which the skeletal bones 
are involved as in Case 1. On the other hand, secondary growths in 
the head are much more frequent and this is generally attributed 
to the direct extension of the tumor. This is certainly true in Case 2 
and probably so to a certain extent in Case 1 in which the head is 
especially involved. In Case 2 the spreading of the tumor by direct 
extension is as definite as it is remarkable. Starting from the eyeball, 
the tmnor at once becomes widespread without breaking the con- 
tinuity in the entire central nervous system. Its distribution re- 
minds one of that of the cehular exudate in cases of acute meningitis, 
or that of the fluid material artiflcially injected into the meningeal 
spaces. This mode of spreading is possible, however, only when the 
tumor is rapidly growing and when the stroma is insufificient to keep 
the loose tvuhor cells from spreading readily into places offering the 
least resistance. 
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Attention also may be called to the fact that from the above tables 
there are only five cases recorded in which the spinal cord and its 
meninges are involved as in Cases 1 and 2. In view of the frequent 
involvement of the brain, the small number of cases of cord involve- 
ment reported is probably due to the fact that the cord is not always 
examined at the time of autopsy. 

Summary 

Two cases of tumor of the eye, commonly known as glioma or 
neuro-epithelioma of the retina, are reported : one with metastases to 
the skull, skeletal bones, muscles, lymph nodes and meninges; and 
the other with extension to brain, spinal cord and meninges. The 
embryonal character of these tumors and their analogy to certain 
tumors of the central nervous system are stressed. 
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DESCRIPTION OF PLATES 


Plate g 

Fig. I. Case i. Photograph of the patient at the time of admission. A slight 
elevation imder the skin in the left superciliary region is indicated by an 
arrow. 

Fig. 2. Case i. Photograph of the same patient taken forty-two days later. 
The primary tumor had been removed: the subcutaneous swellings are 
prominent. 

Fig. 3. Case I. The external surface of the calvarium showing a large metas- 
tatic tumor mass over the left frontal prominence and smaller masses along 
the cranial sutures. 

Fig. 4. Case i. The internal surface of the calvarium showing metastatic 
tumor masses. The ragged appearance of the tumor is caused by the separa- 
tion of the calvarimn from the dura. 
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Ncuro-epithelioma (Glioma) of Retina 





Plate io 


Fig. 5. Case i. The external surface of the dura showing one large ana many 
small masses of metastatic tumor. 

Fig. 6. Case i. Brain, frontal view, showing extensive hemorrhage and two 
tumor masses in the left frontal lobe. Most of the cerebral veins in the 
hemorrhagic areas are thrombosed. 

Fivi. 7. Case i. Left femur, showing tumor metastasis filling up most of the 
medullary cavity. Two masses of the newgrowth are found under the 
periosteum. The cortex near the neck of the femur has been worn through 
by the tumor. 

Fig. 8. Case i. Right humerus showing metastatic tumor in the medullary 
cavity. 

Fig. 9. Case i. Longitudinal section of the spinal column showing tumor 
metastases in the bodies of all the vertebrae. A few rounded tumor masses 
can also be seen in the pelvis. 










Plate ii 


Fig. io. Case i. Primary tumor of the left eye showing rosettes. X loo. 

Fig. II. Case i. Primarj’’ tumor of the left eye' showing rows of straight and 
curved epithelial-like, columnar cells. X 250. 

Fig. 12. Case i. Primary tumor of the left eye showing a row of columnar cells 
attached to a small band of connective tissue and covered on its surface by 
a few necrotic cells. X 500. 

Fig. 13. Case I. Primary tumor of the left e3’’e showing rosettes. X 500. 

Fig. 14. Case i. Primary tumor of the left eye showing a curved row of epi- 
thelial-like columnar cells with sharp cell borders on one side. X 500. 

Fig. 15. Case i. Primar}' tumor of the left eye showing invasion of the intra- 
ocular muscle. X 100. 

Fig. 16. Case i. Metastatic tumor in dura showing the tumor cells better pre- 
served around the blood vessels than those away from them, resulting in 
what appears to be a perivascular growth. X 100. 
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Plate 12 


Fig. 17. Case i. Tumor metastasis in the bone marrow of rib. X 100. 

Fig. 18. Case i. Tumor metastasis in the bone marrow of rib, showing two 

mitotic figures. X 1000. 

Fig. 19. Case i. Meninges of spinal cord, showing tumor cells. X 100. 

Fig. 20. Case 2. Photograph of the patient at the time of admission. 

Fig. 21. Case 2. Primary tumor of the left eye, showing the apparent peri- 

vascular grouping of the tumor cells following necrosis of those cells farther 
away from the blood vessels. X 60. 

Fig. 22. Case 2. Primary’' tumor of left eye, showing two mitotic figures. 
X 800. 
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Plate 13 


Fig. 23. Case 2. Gross appearance of cerebellum with metastatic tumor 
growth on its surface. 

Fig. 24. Case 2. Cerebellum, showing metastatic tumor infiltrating the men- 
inges and invading the cerebellar cortex. X 20. 

Fig. 25. Case 2. Metastatic tumor in the meninges of cerebellum. X 600. 

Fig. 26. Case 2. Spinal cord, thoracic portion, showing extensive infiltration of 
the meninges and invasion of the cord by tumor. Sections of cord at dif- 
ferent levels show essentially the same picture. 

Fig. 27. Case 2. Spinal cord showing infiltration of tumor cells in the Virchow- 
Robin’s spaces of the blood vessels in the white matter near the anterior 
horn. ‘X 80. 

Fig. 28. Case 2. Anterior nerve roots of the spinal cord surrounded by and in- 
filtrated with tumor cells. X 60. 












ORIGIN OF THE PERIVASCULAR PHAGOCYTES OF 
GRANULATION TISSUE* 

F. A. McJunkin 

{From the Department of Pathology, Loyola University School of Medicine, Chicago, III.) 

That ameboid mononuclear phagocytes may arise from the vascu- 
lar endothelium during early embryonic development has been estab- 
lished.^’ 2 Whether phagocytes detach themselves from the vascu- 
lar endothelimn of the adult is controversial. An extensive literature 
dealing with the problem has accumulated. The vital reaction of 
cells to dyes and particulate matter, supravital staining methods and 
tissue culture have been the chief technical methods employed in the 
investigations of the last few years. As a result of the facts brought 
out by these newer methods the idea is now prevalent that a majority 
of the blood and tissue mononuclear phagocytes are derived from the 
reticular or lymphoid tissue. The cells of this origin are now com- 
monly called monocytes. This view, in my opinion, is correct and it 
greatly clarifies our conception of the mononuclear phagocytes. 
Much difference of opinion still exists in regard to the relationship 
and distribution of the parent reticular and lymphoid tissues. 
Maximow’s® extensive investigations led him to think that the 
lymphocytes themselves were transformed into mononuclear phag- 
ocytes (polyblasts). Sabin, Doan and Cunningham^ by supravital 
staining with neutral red demonstrated within the monocytic cyto- 
plasm a rosette of dye granules, and they produced evidence that 
this monocyte is of reticular origin. These authors did not, however, 
examine in detail the distribution of the reticular tissue in the body. 
Both Maximow and Sabin and co-authors were of the opinion that 
the monocyte did not comprise the entire group of mononuclear 
phagocytes. The latter recognized a second type of cell, the clasmat- 
ocyte, which is derived from the vascular endothelium. Maximow 
on the other hand is emphatic in his denial that the vascular en- 
dothelium of the adult contributes to the group of mononuclear 
phagocytes, but he expressed the opinion that certain primitive or 
embryonic cells persist in the extravascular tissues as “resting wan- 

* Received for publication July 29, 1929. 
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dering” cells and they in response to stimulation become active 
phagocytes. He thought that the cells lining the capillaries of sinus- 
oidal organs such as the spleen, liver and bone marrow were both 
actively phagocytic and a source of detached phagocytes. However, 
he did not think that the lining cells of these blood channels were 
true endothelial cells but he regarded them as histiocytes and un- 
related to true endothelium. 

Mallory ® was the first to recognize endotheliiun as the fixed tissue 
source of the mononuclear phagocytes and he has observed and 
clearly stated ® that the lymphoid reticulo-endothehmn plays an im- 
portant role in the genesis of the group of mononuclear phagocytes 
named by him “ endothelial leucocytes.” My earlier investigations ^ 
convinced me that the reticulo-endothehmn (lymphatic and blood- 
vascular) was the chief source of mononuclear phagocytes in the 
adult. Until recently, I ® have entertained the possibihty that 
the peroxydase-reacting phagocytes found in normal human blood 
may arise in the bone marrow, which is the view held by Naegeh.® 
However, monocytes have the property of ingesting peroxydase 
granules and these granules for a time retain their abihty to react 
with benzidin.^® If it be true, as these experiments indicate, that 
the peroxydase mononuclear phagocytes, or monocytes of human 
blood acquire their granulation secondarily in a more or less acci- 
dental fashion then my conclusion is that all mononuclear phago- 
cytes separate from the reticulo-endothelium, either lymphoid or 
blood- vascular. In my first experiments with carbon suspensions 
no distinction was made between endothelial leucocytes of lymphoid 
origin and those derived from the blood-vascular endothelium since 
both kinds were marked by the carbon in a somewhat similar fashion. 
Later experiments^^ with the direct supravital staining of peritoneal 
exudates, of the blood and of various tissues, and with vital reactions 
on tissue cultures of lymph nodes introduced new evidence that 
tended to show a division in the group. The response of the reticular 
tissue of lymph nodes appearing in tissue cultures to vital tests was a 
convincing demonstration of the origin of monocytes from this tis- 
sue. These experiments indicated that there were at least two kinds 
of phagocytes one of which was derived from lymphoid reticular 
tissue. It was felt that evidence of the origin of the second type from 
blood-vascular endothelimn was inconclusive. The earlier observa- 
tions ’ were made on vascular endothelium of the sinusoidal type, 
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the true endothelial character of which has been disputed. The 
capillary endothelium has now been made a subject of further study. 
Tissue cultures proved of little help since this type of endothelium 
either does not grow readily, or if these cells multiply they are not 
easy to identify because of course the structures formed carry no 
blood. Granulation tissue produced experimentally has been em- 
ployed for the observations. The first step was to show that the true 
endothelium of the vascular sprouts is phagocytic, since this has 
been denied. It was found in experiments already published 
that when stimulated by trypan blue injections this endothelium is 
fully as active in the ingestion of carbon as is the sinusoidal endothe- 
lium of liver and spleen. In the experiments described in this paper 
the behavior of the endothelium and the cells in contact with or near, 
it have been observed under varying conditions after having been 
stimulated and manifesting phagocytosis. 

Perivascular Phagocytes oe Endothelial Sprouts 
Marked with Carbon 

Rabbits and rats were used. The granulation tissue was produced 
by subcutaneous injections of a saturated alcohol-acetone solution 
of Sudan III or a temporary suspension of the dye in water. Carbon 
in the form of India ink was injected intravenously (ear vein or tail 
vein). A number of minor variations were introduced especially by 
changing the time between the different procedures. As far as the 
problem now under consideration is concerned it is necessary to se- 
lect and describe those experiments in which the essential results 
were seen to best advantage. The tissues were fixed in Zenker’s 
fluid, embedded in paraffin and stained with hematoxylin-eosin. 

Four-Hour Rabbit {Experiment 26): Two rabbits weighing 1200 
and 1800 gm. each were given 2 cc. Sudan in in acetone-alcohol sub- 
cutaneously in each groin. On the same day 5 cc. trypan blue (satu- 
rated aqueous solution) were injected intravenously. The trypan 
blue injection was repeated on the second and fourth days. On the 
eleventh day 4 cc. of India ink (Higgins’) were injected intraven- 
ously. The ink was injected slowly under ether and in two doses one 
hour apart. The animals were killed and the groin tissue fixed four 
hours after the first ink injection. As usual the distribution of the 
carbon is very irregular with large areas in which the capillaries are 
practically devoid of ink and others where much carbon is present. 
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No doubt the ink precipitates in’ the form of loose masses readily 
separable, and here and there these enter the arteries to a micro- 
scopic area. Such areas were selected for study. Again the structure 
of the capillaries and small vessels varies. In general where the vessels 
are older the carbon is situated not only in the elongated cells next 
the lumen but also in second layer cells of the same shape (Fig. 7). 
They show no pseudopodia. In other locations granulation tissue is 
in the process of active formation with the endotheha large and 
plump and here and there a mitosis. Some of these new capillary 
sprouts are like the usual textbook description with the narrow 
pointed endothelia, but much oftener the endothelial cells are of a 
size and shape suggesting phagocytes rather than lining cells (Fig. 
3). The presence of red corpuscles is extremely important in estab- 
lishing the endothelial character of the structures. Carbon is present 
not only m the innermost cells but also in cells of similar structure 
only partly in contact with the lumen or completely removed to the 
second layer. These cells in size and shape have the irregularity of 
the so-called sinusoidal t3^e of endothelium. These cells in the ink- 
marked areas contain carbon particles (Figs, i and 2). In other 
places the new vessels form a reticular network in which cells connect 
by their cytoplasmic processes. Such cells no doubt later arrange 
themselves to form vessels of the usual type. These large irregular 
cells may abut on the capillary lumen on one side while on the outer 
they have reticular processes (Fig. 5). Throughout the experiments 
there was noted a close resemblance between such structures and the 
growth of reticular tissue in tissue cultures of lymph nodes.^^ 
Discussion of the Carbon Experiments: It seems that the carbon 
enters the cells by phagocytosis and not passively, as claimed by 
Lang.^® In the fixed tissue the ink-marked cells are the larger and 
more irregular ones and not infrequently they are of an appearance 
identical with detached phagocytes. All stages of separation from 
the lumina of capillary structure are readily observed (Figs. 4, 5 and 
6). Often it is not possible to determine whether the heaping up of 
endothehum is toward the lumen or outward, but the evidence is 
strong that leucocytes do not migrate in to assume these various posi- 
tions in relationship to the lumina of the vessels. It was rather often 
seen that a group of ink-containing phagocytes were in the vicinity 
of a vessel with much carbon in its liunen (Figs. 4 and 6). It is not 
assumed that all such free cells are detached endothelia. If gmnea 
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pigs are injected intraperitoneally with huge doses of India ink the 
carbon particles within five minutes appear in the sinuses of the sub- 
sternal lymph nodes. In this experiment the particulate matter un- 
questionably passes through cell membranes, with phagocytosis 
playing no part. Such extravascular carbon may of course be taken 
up by phagocytes already in the tissue spaces, and so the distribution 
of carbon-marked cells seen in Figures 4 and 6 would be explained. 
However, the maximum amounts of intracellular carbon in the ink- 
marked foci are seen where the endothelia are large and often where 
they are “heaped up” into more than one layer. This it seems 
should be considered in connection with the structural and func- 
tional identity of the endothelia and the detached phagocytes near 
the fining cells. 

Perivascular Phagocytes of Endothelial Sprouts 
Marked with Trypan Blue 

Full-grown rats were used because they withstood larger doses of 
trypan blue than did rabbits. The granulation tissue was produced 
by injection into the groin of 1.5 cc. of an arsenious acid solution 
made by diluting 0.5 cc. of a saturated aqueous solution of arsenious 
acid to 6 cc. with 50 per cent ethyl alcohol. Seven days later 2 cc. 
of a saturated aqueous solution of trypan blue were injected into a 
tail vein. On the following day 2 cc. of the dye were again injected. 
The rats were killed two hours, five hours and eighteen hours after 
the last injection. Inflammatory tissue at the site of the arsenious 
acid injection shows extensive formation of new capillaries and an 
inflammatory exudate in which large mononuclear phagocytes pre- 
dominate. The tissue was fixed in formalin, cut thin for embedding 
in paraffin after thirty minutes in two changes of acetone and one 
hour in benzol. After removal of the paraffim from the sections they 
were mounted in balsam and examined vmstained. In this way most 
of the trypan blue is preserved in the sections which are tbin and 
much better than frozen sections for accurate observation. As a 
'' check on the structures, alternate sections have been stained in the 
usual way with hematoxyfin-eosin. In both the five and eighteen- 
hour animals the dye is sufficiently collected to appear as minute 
granules in the cytoplasm of both endothelia and detached phago- 
cytes. In the eighteen-hour rats the granules are larger. In the un- 
stained preparations often capillary connections with larger vessels 
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filled with red corpuscles show the endothelium to best advantage 
since here the identification of the fining cells is certain. In such lo- 
cations two to a half-dozen large endothefia may appear in the wall 
of a capillary, and at the end of five hours and eighteen hours the 
fine trypan blue granules tend to fie at the ends and external to the 
nuclei. The distribution of the dye granules is essentially the same 
as that of the carbon shown in the illustrations. In the same tissue 
embedded in the usual way and stained with hematoxylin-eosin, dye 
granules appear only in a few of the extravascular phagocytes where 
the aggregations of dye are coarse. The tissue used for the carbon 
experiments was also rapidly embedded and examined unstained so 
as to preserve the trypan blue. In these the trypan blue was present 
only irregularly here and there in the form of coarse granules in the 
cells fining the capillaries, except in animals receiving trypan blue 
about twenty-four hours before the ink injections, in which instance 
the picture was more complex with much extravascular dye and a 
staioing of the endothefia like that of the eighteen-hour rats. To 
test the acute effect of the tr3^an blue three full-grown rats were 
injected subcutaneously to produce the granulation tissue, and four 
days later 2 cc. saturated aqueous solution of trypan blue were in- 
jected into a tail vein. The rats were killed five minutes, ten minutes 
and one hour after the trypan blue injections. In the first two the 
dye is demonstrable only in the liunina of some of the capillaries 
where there is a more or less diffuse staining of the corpuscles. In the 
one-hour rat there are scattered extravascular phagocytes containing 
blue granules. In some of the endothefia there is a tinge of blue but 
no granules. Evidently the dye is more or less dissolved whether the 
sections are frozen and floated on water or rapidly embedded in par- 
affin, imless sufficient time elapses to permit the cells to concentrate 
the dye into granules. 

Ohservations and Discussion of the Trypan Blue Tissue: Evans and 
Scott in their study of the macrophage reaction to acid coUoid dyes 
fmmd that the macrophage was the first to respond but that fibro- 
blasts accumulated the dye after chronic administration and finally 
had a resemblance to the macrophage. In the acute process (up to 
about two days) the macrophage only contained the dye. It was 
only after a long time (seventy-five days) that the fibroblast became 
heavily loaded. By the methods used in my experiments the trypan 
blue granules become very distinct in endothefia eighteen hours after 



PERIVASCULAH PHAGOCYTES OP GRANULATION TISSUE 45 

the dye administration, although usually the granules are not so 
large as in the extravascular phagocytes. However, as shown in the 
illustrations of the carbon distribution where a reticular structure is 
assumed by the endothelium it often is not possible to be sure 
whether a given cell is an extracellular phagocyte or definitely part of 
a capillary, Evans, Bowman and Winternitz found abundant try- 
pan blue in the Kupffer cells of the liver. Here and in other sinus- 
oidal organs some of the capillary endothelium is kept large and ac- 
tive by the normal phagocytic processes in them. In granulation 
tissue and in most normal tissues the phagocytic property of the 
endothelium becomes latent unless it is artificially stimulated. In 
the liver, as in granulation tissue, the evidence now is that some of 
the perivascular cells are of blood-vascular origin while others are 
monocytic. Evidence of this in the sinusoidal organs has been pre- 
sented elsewhere.^^’ The capillary endothelium of granulation 
tissue collects the colloidal dye with a facility equal to that of the 
Kupffer cells of corresponding size. Since carbon particles may pass 
through membranes without undergoing phagocytosis the smaller 
dye particles no doubt do the same. The presence of dye granules in 
extracellular phagocytes per se is not proof of their origin from the 
vascular endothelium, but the structural resemblance and the posi- 
tions of the attached and detached cells indicate a relationship be- 
tween the two. 


Summary and Conclusions 

1. That the blood- vascular endothelium other than that found in 
sinusoidal organs has phagocytic properties is confirmed by these 
experiments. By experimental stimulation the usual t3q)e of capil- 
lary endothelium assumes the size and shape of the so-called his- 
tiocytic endothelium of the sinusoidal organs such as liver, spleen 
and bone marrow. 

2 . In the granulation tissue of animals injected with India ink the 
arrangement of detached phagocytes about the endothelia and the 
structural resemblance of attached and detached cells are evidence 
of the identity of the two. 

3. The endothelia of the capillaries of granulation tissue segregate 
trypan blue to form microscopic granules just as the sinusoidal en- 
dothelium does. The evidence obtained by the use of colloid dyes, 
that phagocytes separate from the endothelium of such organs as the 
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liver and spleen, applies equally to the endothelium of granulation 
tissue. 

4. These experiments indicate that some of the perivascular 
phagocytes are derived from the vascular endothelimn and are not 
monocytic. 
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DESCRIPTION OF PLATES 

Structures drawn to the same scale with aid of the camera lucida. Tissues 

from animals receiving intravenous India ink stained with hematoxylin-eosm. 

Plate 14 

Figs, i and 2. Two capillaries showing the stimulated endothelium with 
“ second row ” cells containing carbon. Some of these have only partial con- 
tact with lumina. 

Fig. 3. Capillary sprout with the second ceU which contains carbon in mitosis. 
The end ceU has the ameboid type of nucleus often seen in the endotheha. 

Fig. 4. Much carbon in endothelia and in nearby phagocytes. Often such ex- 
travascular carbon within phagocytes is foimd where the endotheha are 
large and phagocytic and not where the capUlary waU is thin. 
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Plate 15 


Fig. 5. Cross-section of capillary where the endotheh'a assume a reticular ap- 
pearance. Such structures are common and the proliferating capillaries 
have this appearance as frequently as that seen in Fig. 3. 

Fig. 6 . Two capillaries with carbon in endothelia but none in the phagocytes. 
Monoc5des certainly may be of this size and shape. In the capillary at the 
left the outer carbon-containing ceU has the ameboid tjqie of nucleus. 

Fig. 7. Longitudinal section of a thin-walled vessel -with much carbon in both 
inner layer and in cells of similar appearance farther out. If the outer cells 
are of a tjqie different from the endothelia, differentiation is not possible in 
the sections. 









METASTATIC INOCULATION OF A MENINGIOMA BY CANCER 
CELLS FROM A BRONCHIOGENIC CARCINOMA* 

B. M. Fried, M.D. 

{From the Surgical Clinic oj Dr. Harvey Cushing, Peter Bent Brigham Hospital, 

Boston, Mass) 


Experimental and clinical investigations on cancer for the last 
two decades seem to favor the conception that the development of 
an epithelial malignant disease is largely influenced by immunobio- 
logical factors. Apparently not only does the host itself offer re- 
sistance to the development of a cancer (natural immunity) but re- 
sistance toward the implantation of cancer can be induced experi- 
mentally in animals (active immunity). Thus Ehrlich ' showed that 
rats with healed mouse cancer are immune to a reinfection, and also 
that mice with actively growing tumors are mostly immune to sec- 
ondary implants. Similarly Murray ^ reported that mice with a tar 
cancer resist a “superinfection” with a second tar cancer, and that 
a tar tumor will not “take” in a mouse following the extirpation of 
a previously existing spontaneous tumor. If these observations are 
correct and also if one is permitted to draw analogies between man 
and animal, a person with cancer ought to resist the development 
of a new tumor.® 

The problem of benign tumors is different in that the condition 
represents obviously a purely local disease, and for this reason the 
coexistence in the same person of multiple benign tiunors or of a 
malignant and a benign neoplasm is merely one of casual interest 
only. 

Whether a preexisting benign tumor provides a suitable soil for 
the growth of malignant tmnor cells and how the latter will behave 
under the circumstances has been investigated experimentally by 
Ehrlich as will be told; but it is especially unusual to have the op- 
portunity to study this symbiosis in man. 

In the case to be discussed the patient had multiple primary 
tumors — a leiomyoma of the uterus, and a meningioma in which 
carcinoma cells were found to be growing. 

* Received for publication September 27, 1929. 
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Report of Case 

Clinical History: A white woman, aged S7, entered the Peter Bent Brigham 
Hospital March 14, 1923 with the complaint of pain in the lumbar region ex- 
tending down the left leg to the knee, inability to walk and weakness of the 
right hand. The left breast had been removed twenty-five years ago at the St. 
Luke’s Hospital, New York City, for an unknown cause, and she has been well 
since that time. 

The present illness began with a dull, persistent, bilateral lumbar pain five 
months before admission. Two weeks later the pain extended down the left 
anterior thigh and left gluteal region. There also was trouble in walking, night 
sweats from eight to twelve weeks, and hemoptysis for two weeks, a spoonful 
in amount. 

On physical examination the abdomen was rigid and the left lower abdominal 
quadrant was definitely tender. Several small nodules were palpated on the 
left side of the cervix uteri. 

The blood pressure was systolic no, diastohc 60. The blood and urine were 
normal. The spinal fluid showed no pathological changes. 

March 24, ig2S- Roentgen-ray examination of the chest disclosed an area of 
consolidation in the left base. The thorax was slightly asymmetrical, the left 
side being less expanded than the right. The left diaphragm was higher than 
the right. 

March 31, 1923. The patient was operated upon for a myoma of the uterus. 
The wound healed slowly owing to a mild infection. The patient coughed up 
blood. 

May 22, ip23. A re-examination of the chest showed a diffuse mottling which 
resembled rniliary tuberculosis throughout both limgs. The left lower base was 
hazy. 

May 31, ig23. The patient died. 


Autopsy Report 

Anatomical Diagnoses: Left hronchiogenic carcinoma with me- 
tastases to bronchial lymph nodes, liver, adrenals, bone and brain. 
Meningioma, infiltrated by cancer. Leiomyoma of uterus. Absence of 
left breast removed twenty-five years previously. Acute aortic endocardi- 
tis. Infarction of spleen aiid kidneys, and septicemia. 

The body was found to be well developed and well nourished. 
There was an edema of the ankles and legs. 

The pleura on the left side was adherent to the thoracic wall. 
Ntunerous tumor nodules could be seen in the intercostal muscles 
and below the periosteum of the ribs. 

The heart showed warty, recent vegetations at the aortic valve. 

The left lung weighed 580 gm., the right lung 520 gm. The left 
limg contained a large tmnor mass in the lower lobe and in the pos- 
terior axillary hne just below the interlobar fissure. The two lobes 
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were adherent by tumor. In this area the lung was contracted, 
owing to a newgrowth which caused a puckering of the pleura. On 
section the tumor mass which was 6 cm. in diameter radiated into 
the lung in various directions. On dissecting down the bronchus it 
was found that near the tumor the bronchus was definitely rough- 
ened and the newgrowth seemed to be present in its waU. Along the 
course of the bronchi and peribronchial lymphatics nmnerous 
tumor nodules could be seen radiating to the root of the lung where 
very large lymph nodes were found, the largest of which measured 
5 cm. in diameter. This extended down the posterior mediastinum 
to the diaphragm. The nodes at the hilum of the right lung were 
quite normal. The right lung was literally speckled with small, 
white, creamy nodules which varied in size from i mm. to 0.5 cm. 
in diameter. 

The liver weighed 1,335 was normally plastic and friable. 

However, it contained numerous tumor nodules measuring from 2 
mm. to 4 cm. in diameter. 

Both suprarenals were enlarged and on section thin suprarenal 
cortex could be seen surrounding grayish tumor masses. 

The first lumbar vertebrae were compressed to 1.5 cm. in width 
and also apparently contained tumor. 

Brain: The brain weighed 1,300 gm. In the left posterior parietal 
region was a metastatic nodule which arose at the site of the longi- 
tudinal sinus. It measured 1.5 cm. in length and seemed to extend 
into the secondary sinuses. It was definitely adherent to the dura 
by dot, and its base seemed in places to have infiltrated the dura. 
When the skuU cap was held to the light it showed areas of increased 
density more marked than one ordinarily sees in a normal skull, and 
perhaps evidence of infiltration with tumor. 

Meningioma: When the calvarimn was removed an elevated 
tmnor mass 2 cm. in diameter was found over the right frontal lobe. 
It was invested by the meninges, being moderately soft and pinkish 
gray. In gross the appearance of this tumor was that of a meningi- 
oma (dural endothelioma). 

Microscopic Findings 

Lungs: The tumor is made up of a columnar epithelium with an 
oval, vesicular nudeus and a deeply stained nudeolus. The cells 
have an adenomatous arrangement and are supported by a fine 
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Stroma. In sections taken from the bronchi the tumor shows in- 
vasion of aU the coats. The circular muscle layer is markedly thick- 
ened. The seromucous glands, however, are intact being surrounded 
by a thick waU of small, round cells. The tumor invades largely the 
capillaries and veins. 

In the suprarenals the tumor closely resembles that of the lungs, 
while in the hver the stroma is rather abundant, dense and fibrous. 

In the brain the tumor is found as small nodules composed of cells 
identical by their shape and arrangement with those of the pulmon- 
ary newgrowth. 

Meningioma: A cross-section of the entire tumor is studied. In 
areas where the growth is not invaded by cancer it shows the cus- 
tomary histology characteristic of this neoplastic group. There .are 
numerous psammoma bodies. In places invaded by the malignant 
epithelial cells (Figs, a and b) the cells of the meningeal newgrowth 
are dissociated, forming a coarse network. The malignant tmnor 
here is insinuated between the meningioma cells, and the individual 
cells have adhered to the cellular fibers of the meningioma forming 
bud-like elevations. Cancerous invasion is more conspicuous at the 
periphery of the meningioma, however the thick fibrous capsule is 
not invaded by the malignant neoplasm. In areas where the cancer 
predominates the meningeal tumor shows a good deal of necrosis. 

Comment 

The early occurrence of widespread metastases in bronchiogenic 
cancers has been discussed by the present writer elsewhere.'* The 
significance of this report lies in the fact that the mahgnant epi- 
thehal tumor diffusely infiltrated the meningioma. 

Following the successful experiments with the induction of cancer 
in laboratory animals, Ehrlich conceived the idea of studying the 
pathogenesis of the so-called mixed tumors in hmnan beings. For 
that purpose he ® and Apolant ® inoculated animals with mixtures 
of two or three tumors from different germinal layers, like sarcoma 
and carcinoma, or chondroma and sarcoma. 

When a mixture of a carcinoma and sarcoma was inoculated into 
animals this led to a tumor known as a carcinoma sarcomatodes in 
which the parenchyma was made up of the malignant epithelial 
cells, while the stroma was sarcomatous. There occurred then an 
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amalgamation of the two different neoplastic types which resulted 
in the formation of a new type of tumor. 

By injecting into an animal a cardnoma or a sarcoma with a 
chondroma no amalgamation occurred and both tumors grew side 
by side keeping their own properties. By mixing, for instance, a 
chondroma with a sarcoma it was noticed that the benign tmnor con- 
tained isolated necrotic areas surrounded by actively growing sar- 
coma. In some areas the tumors were entirely separated so as to 
represent two distinct neoplasms. 

Heiman ^ in a recent study utilized Ehrlich’s procedure to bring 
forward the claimed infectiveness of epithelial malignant tumors. 
He inoculated rapidly growing carcinomas and sarcomas of the 
rat in the center of large spontaneous or transplanted fibromas of 
the breast of other rats. This resulted in the growth of a malignant 
tumor with, however, a greatly reduced proliferative activity of the 
carcinoma. The epithelial malignant tumor continued to remain 
encysted in the center of the benign tumor while sarcomas grew 
along the track of the needle infiltrating the fibrous tissue and ulti- 
mately escaped into the tissue of the host. The benign newgrowth 
(according to Heiman) seemed to play an entirely neutral r6le even 
though highly malignant cells were present in the center. This, then, 
according to the same author, is further evidence against an organism 
being responsible for the growth of malignant tmnors, for it might 
be expected that if such an organism were present it would stimulate 
the benign tumor to become malignant. 

It wiU be seen that the clinical case herein reported imitated very 
closely the experiments of Ehrlich, of Apolant, and of Heiman. The 
bronchiogenic cardnoma invaded the meningeal newgrowth -mthout 
being amalgamated vith it, and retained therefore its individual 
characteristics. It grew actively, squeezing out the “host.” The 
cardnomatous cells had split the solid rows of the meningioma giv- 
ing the impression that they were utilizing its cellular fibrillae as a 
means of advance. 

A few workers are still uncertain whether malignant conditions 
induced in animals are akin to those seen in hiunan beings. Ribbert 
(quoted by Lenin ®) was of the opinion that experimental and human 
cancer are probably different diseases and that in the problem of 
epithelial malignant disease no analogies should be drawn between 
these two spedes. This of course was denied in many instances. 
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The case here described demonstrates once more that even 
‘‘bizarre” neoplastic conditions induced in laboratory animals by 
Ehrlich and others are often an exact counterpart of what one sees in 
conditions encountered in the clinic. 
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DESCRIPTION OF PLATE 
Plate 16 

Showing invasion of the meningioma by the cells of a cancer which had origi- 
nated in the bronchus. Hematoxylin and eosin. 

Fig. A X 150. 

Fig. B X 635. 
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Inoculation of Meningioma by Cancer Cells 














STUDIES ON THE SUBMAXILLARY VIRUS OF 
GUINEA PIGS* 


II. The Ntjcleah Cell, Nucleocytoplasmic and Incltjsion- 
Nuclear Indices of the Affected Cells 

Gordon H. Scott and Burchard S. Pruett. 

{From the Deparlmetit of Anatomy, Washington University School of Medicine, 

St. Louis, Mo.) 


In the first paper of this series ^ experiments were reported which 
showed that the incidence of intranuclear inclusions may be altered 
at will by experimentally modif3dng the physiological activity of the 
submaxillary glands on which the virus acts. Thus, the develop- 
ment of inclusions was found to be greatly aided by stimulation of 
the gland with pilocarpine, and conversely it was completely in- 
hibited by duct ligation. The latter observation seemed particularly 
interesting because the operation causes injury and the active forma- 
tion, of young cells — two factors which are believed by Rivers and 
others to be influential in the promoting of virus action.f 

* Received for publication July i, 1929. 

t To explain this discrepancy Rivers has suggested to one of us (G. H. S.) that the 
virus may be prevented from entering the gland by the operation of duct ligation and 
that it would therefore be well to inject it directly into the substance of the glands with 
their ducts ligated. This was done, and as one would expect, inclusions resulted. But 
the experiment has no bearing upon the interpretation of my results because the condi- 
tions in the glands are wholly different. One set of glands is altered merely by duct 
ligation while the others have superposed upon this change a variety of other kinds of 
injury caused by the insertion of the needle, the pressure of injection and the local ac- 
tion of a concentrated suspension of very toxic cellular d6bris as well as of virus. That 
the conditions are in no wise parallel is further shown by the difference in the cellular 
response within the glands. After this direct injection of virus into ligated glands there 
is much congestion, acute inflammation and destruction of cells, and the inclusions ap- 
pear in several kinds of cells, as contrasted with the mildness of the reaction and the 
restriction of inclusions to duct cells which are usually observed in unligated glands 
after subcutaneous inoculation of the virus. The virus reached the unligated glands 
presumably by the blood stream; that it was prevented from entering the ligated glands 
by some unknown barrier which unquestionably permits the free access of the blood 
necessary to the life of the glands, I do not believe. The ligated glands have a rich blood 
and lymphatic supply and there is no tendency to sequestration by connective tissue 
formation. 
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Cellular hypertrophy is often one of the most distinctive results of 
virus action. In the lymphocystic disease of fish, for example, the 
volume of the affected cells may be increased as much as a million 
times. If we are eventually to imderstand such changes in volume 
they must be systematically studied by quantitative methods. The 
submaxiUary virus of guinea pigs is perhaps the best to work with, 
not only because the intranuclear inclusions called forth are larger 
than those produced by any other known virus, but also on account 
of the accompanying hypertrophy of the cytoplasm. In addition to 
these considerations the cells are more or less uniform in shape and 
are large enough to permit accurate mensurations. In this contribu- 
tion an analysis of the volumetric changes in cells caused by the sub- 
maxillary virus is given. 

Material and Technique 

The submaxillary glands of four adult guinea pigs spontaneously 
infected with the virus were selected as material. They were fixed in 
Zenker’s fluid without the usual 5 per cent of acetic acid. Dehydra- 
tion was carried out slowly and care was taken in all the steps of the 
technique to avoid imdue shrinkage. Serial sections were cut 4 mi- 
crons in thickness. Some were stained with Giemsa’s method, and 
others with eosin and methylene -blue. Because the boundaries of 
normal duct cells are very indistinct as compared with duct cells 
modified by the virus, different procedures had to be adopted in 
gathering data. 

Normal Duct Cells: Measurements were made by the methods of 
Jackson ^ and Coveil ® with but slight modification. Sections passing 
approximately through the center of the submaxillary glands were 
prepared. The cut sections of the iminfected secretory ducts were 
outlined with the aid of a camera lucida on transparent celluloid 
sheets of standard weight and thickness (Eastman Kodaloid No. 3). 
The magnification used was approximately 1500. Care was taken to 
keep the focus of the microscope in a single optical plane while mak- 
ing the tracings. Some 700 nuclei and their surrounding cytoplasm 
were drawn. 

The outlines of the nuclei on the celluloid were cut out with a pair 
of sharply-pointed scissors, and coimted. The areas of celluloid rep- 
resenting the cytoplasm and those representing the nuclei were 
then weighed separately. Since the magnification and the thickness 
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of the celluloid remained unchanged, the cut surface relations of the 
nucleus to the cytoplasm and likewise of the nucleus to the cell could 
easily be ascertained. The former was determined by dividing the 
weight of the celluloid representing the nuclei by that representing 
the cytoplasm, and the latter by dividing the weight of the outlined 
nuclei by the combined weight of nuclei and cytoplasm. The index 
of the relation between nucleus and cytoplasm and that of nucleus to 
ceU is obviously one of volumes as well as one of surfaces. As each 
secretory duct was outlined with its nuclei in a single optical plane it 
is justifiable to assiune that the results are an approximation of the 
volume relations of the cellular parts. 

The celluloid weight of the nuclear areas being known, the average 
actual nuclear area could be ascertained. This was done by dividing 
the weight of the celluloid by its weight per square centimeter and 
further dividing this result by the magnification squared. Assuming 
that these normal nuclei do not vary greatly in size, the average ac- 
tual cross-sectional nuclear area may be obtained by dividing this 
figure by the number of nuclei involved. It will now be shown, on 
the assumption that the nuclei are spheres of radius R, how the vol- 
ume of a nucleus can be determined from this area which is denoted 
by a. It is desired to determine the volume T of a sphere, the aver- 
age value a of its cross-section being known. 

The average area of the cross-section of a sphere is the cross-section of a cylin- 
der which has a height equal to the diameter of the sphere and the same volmne 
as the sphere. Let the cylinder “representing” the sphere have volume V cross- 
sectional area a, and height h, such that h = zR. 

According to the rules of solid geometry the volume of a cylinder is equal 
to the cross-sectional area multiplied by the height (c/;) so tiiat in our case 

V = 2a R. As this is also the volume of the sphere which is given by - ttR?, 

3 

4 2 

we have: 2aR — -tt R? or a = - tt Rr. 

3 3 

Here a is the known average cross-sectional area and R is the radius of the 
sphere whose volume is to be found. From the last equation it follows that: 

ir- = and i? = 

27r y 27r 

The volume V can now be determined by eliminating R from the relation 
F = j tt with the result: 
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Having derived the formula 1.382 v (average area)^, the average nuclear vol- 
ume is readily calculated by simple arithmetic procedures.* The mean cyto- 
plasmic volume may be computed by multiplying the average nuclear volume 
by the figure in the nucleocytoplasmic ratio (area of cytoplasm area of nucleus) 
representing the cytoplasm to which result the volume of the nucleus is added for 
an estimation of cell volmne. 

It should be pointed out in connection vsdth this means of deter- 
mining nuclear and cell volumes that the more nuclei measured, the 
greater the accuracy of the results. This statement is easily capable 
of experimental proof by drawing upon ruled paper a circle of known 
radius and computing the volume of a sphere of the same radius by 
the usual means (f Then determine the areas of sections 

through the sphere at ten equidistant points along the diameter of 
the circ le and compute the voltime of the sphere by the formula 
1.382 V (average area)®. It will be seen that this result is rather far 
from the true value. If another set of areas is determined at twenty 
points along the diameter the result will be considerably closer and if 
forty or fifty readings are made the results approach each other with 
some exactitude. 

Direct measurements of nuclei of the normal duct cells were made 
by means of a filar-wheel micrometer at the same magnification. In 
all, 450 of these measurements were made and used as a check on the 
calculated radii and on the computed nuclear volmnes. 

Injected Duct Cells: It is evident that the method used for the 
normal cell volume is not apphcable to infected cells, because the lat- 
ter do not occur in compact groups but are isolated and surrounded 
by seemingly normal cells. 

After trying out several possible methods the one used by Boy- 
den^ for determining the volume of the gaU bladder was finally 
adopted. One fvmdamental assumption is necessary to its use in this 
connection, namely, that the object be cylindrical or spherical about 
a central axis. Fortunately infected cells are generally of this shape 
(see Fig. i), and care was taken to select those which conformed as 
nearly as possible to this specification. As an additional precaution 
wax models of the cells, their nuclei and inclusions, were made in 
several instances to serve as a check on the cell shape. The method 

* Tlie authors are deeply indebted to Doctor Vladimir Rojansky, of the Department 
of Physics, for helpful criticism and aid in the solution of certain mathematical prob- 
lems involved in this investigation. 
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Text-Figure 1 

A diagrammatic representation of the method used in determining 
the volume of the cell, nucleus and inclusion in the infected cells. 
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finally adopted to determine cell voliune was somewhat laborious 
and is dependent to a certain extent upon the mechanical skill of the 
observer; but statistical analysis of the data thus secured showed 
that it was dependable and productive of accurate results. 

Camera lucida tracings of the cells, their nuclei and inclusions, 
were drawn at a magnification of 2060 diameters. 

In Text-Figure 1 is a camera lucida tracing of a cell, the nucleus of 
which contains a mature inclusion body, bisected longitudinally 
(II). The line AB was drawn parallel to the long axis of the ceU CD. 
A series of perpendiculars which cut the ceU into a number of cylin- 
ders of unknown height were erected to the line AB. Care was taken 
to erect the first perpendicular so that it just touched the edge of the 
ceU. The same precaution was observed in passing these lines 
through the nucleus and the inclusion. With a divider the various 
diameters of the cell were measured and a distance nmnerically equal 
to the area of a circle with the same diameter was laid off from the 
base line AB on each perpendicular. To facilitate the process a 
graph (Text-Figure 2 ) was constructed so that the abscissa of any 
point was equal to the area of a circle with a diameter of that of 
the ordinate. 

As an example let the diameter pr be determined with the divider and the dis- 
tance be made to fall from the base line to the curve at some point. Then let the 
length of the abscissa from that point on the curve be determined with the 
divider. This distance may then be laid off from the base AB as the line eh. 
When this process has been completed for all segments of the ceU, a smooth curve 
is drawn through all the points. The same procedure is followed through for the 
•nucleus and for the inclusion. It is apparent from elementary calculus that the 
area enclosed by the line AB and by each of the three curves drawn is equal to 
the volume of the magnified ceU and its respective parts. The areas were meas- 
ured with a planimeter, and, in order to reduce the term obtained to the actual 
volume, were divided by the magnification cubed (2060^). 

In theory the method is simple. The shape of the cell is considered 
to be approached by a series of circular discs. Let pqrs (II) represent 
one of these discs as seen from the edge. Then the height eh of the 
rectangle eoJin (I) is numerically equal to the area of the base of the 
disc pqrs and the width of the rectangle is equal to the height of the 
disc. Since the volume of any cylinder is equal to the area of its base 
times its height, then the area of rectangle eohn is equal numerically 
to the volume of the disc. The integrated volume of x number of 
these discs is therefore approximately numerically equal to the mag- 
nified volmne of the ceU and its parts. 
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Further considerations of the theory of this method are given by 
Boyden ^ in describing its application to the human gall bladder in 
the living subject. 

In addition to the quantitative methods for cell study, micro- 
chemical procedures were used to obtain information concerning 
changes other than volumetric. Sections of infected glands from 



Text-Figure 2 

A point-to-point frequency graph which illustrates the distribution of the observa- 
tions on the nuclear cell indices of the cells with early and late inclusion bodies. 
Ordinates; number of observations at given values. Abscissas; nuclear cell indices. 

young and old guinea pigs were prepared and stained for the demon- 
stration of mitochondria. The Feulgen reaction for thymonucleic 
acid was applied to salivary glands according to the directions given 
by Cowdry.® Tests for potassium were made by the Rohdenburg 
and Geiger ® modification of the familiar Macallum ’ technique. 
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hain’s iron hematoxylin and eosin, Unna’s methylene blue, Loffler’s 
methylene blue, Gram’s stain, carbol fuchsin and methylene blue, 
Giemsa’s stain and phenol iodine green. Routine hemalum and 
eosin, and eosin-methylene blue staining were found to be sufficient 
for diagnostic purposes and for examination of the morphology of 
the infecting organism. The special stains were of value in securing 
photographs of certain structural details. 

Upon examination with the lower powers of the microscope the 
specimen showed the structure of an inflammatory polypus with a 
moderately vasciflar, edematous, connective tissue stroma. In the 
stroma there were many infiltrating cells, chiefly lymphocytes and 
plasma cells but with a few pol5muclear and polymorphonuclear 
leucocytes. As compared to the usual type of edematous nasal 
polypus occurring in chronic hypertrophic rhinitis, the stroma was 
denser and showed more fibroblastic proliferation, less edema and 
but very few eosinophiles. Nowhere was the cellular infiltration dis- 
tinctly purulent. The most striking feature was the presence of the 
characteristic parasitic cysts, each a single organism, in various 
stages of development. Averaging about 100 microns in diameter, 
these cysts were closely placed throughout the polypus so that more 
than one-half the area in any field was covered by them (see Fig. i). 
Each cyst was surroimded by a doubly-contoured chitinous-appear- 
ing capsule which showed concentric lamination when favorably 
stained, and especially in the more mature individuals. The yoimger 
organisms, when cut through the central part, showed a well stained 
karyosome about which there were aggregated nutrient granules and 
vacuoles containing materials staining in part with basic, and in part 
with acid, stains (see Figs. 2 and 3). Some of the cysts showed irreg- 
ularity of form apparently resulting from mutual pressure. By some 
of the earher authors this deviation from spherical form was thought 
to indicate ameboid movement. 

Accepting the developmental life history of Khinosporidium seeheri 
as worked out by Ashworth, practically all stages can be illustrated 
from our material. There is no evidence presented which is con- 
tradictory to the results of his investigation. The early develop- 
ment of the trophic stage can be illustrated by a parasite measuring 
but 8 microns in diameter, but already showing the doubly-con- 
toured wall (Fig. 4). No trophic granules are present. By the time 
the parasite reaches a cyst-size of 60 microns the trophic granules 
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History oe Case (A.D.R.) 

The patient was a male engineering student, aged 26 years, who was born at 
Clarksdale, Missouri, and who had never been outside of the United States ex- 
cept for three days spent in Canada. He had had no close association with any 
foreign-born person. He had, however, lived on a farm for twelve years, from 
the age of 6 to 18 years. During this period he was imdoubtedly playing and 
working in close contact with horses and cattle. 

His mother and father were American-born and they, as well as five brothers 
and two sisters, were living and in good health. No other member of the family 
had experienced a similar condition. 

The patient had first noticed tlie lesion in his nose in February, 1926, follow- 
ing an injury received while VTCstling during the preceding month. At that time 
the nose was tender and painful to the touch but no history of unusual discharge, 
foul odor, or bleeding was obtained. Shortly thereafter the right side of the nose 
was operated upon for nasal polypi by Dr. J. M. Brown of Maysville, Missouri. 
No further trouble was noted until after a second injury while boxing in Feb- 
ruary, 1928. Progressive obstruction of the right side of the nose developed and 
had become almost complete at the time of a second operation in May, 1929. 

When the patient presented himself for examination on June 22, 1929, there 
was found a polypoid growth of the nasal mucosa attached to tire right septal 
wall about 1.5 cm. within the vestibule of the naris. There was a marked indura- 
tion of the base and area of attachment and some granulation tissue formation. 
The greater part of the pol>T3 was a grayish, semitranslucent rounded mass ■with 
a slight amount of denser vascular tissue extending into it at the base. The poly- 
poid structure was removed with the snare and the base cauterized. Recovery 
was uneventful and there was no indication of recurrence four months after 
removal. 


Pathological Description 

The specimen when received was a small rounded mass looking not 
unlike an ordinary nasal polypus. It was bisected before being im- 
pregnated in paraffin and revealed no feature attracting attention. 
It was not, however, examined closely as would have been done had 
its true nature been suspected. 

The Indian physicians believe that the polypoid rhinosporidial 
growths can be recognized as such by naked-eye examination. The 
smaller polypi are said to be very similar to a raspberry (Tiru- 
murti in form and color. These growths are friable, tearing easily 
and bleeding severely when tom. Various writers have described a 
central, branching, vein-like supporting stroma. The larger para- 
sites within the tissue are visible to the unaided eye as white spots 
of pin-point size. 

Our material was examined first as stained routinely with hema- 
lum and eosin. Later, additional sections were stained with Heiden- 
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Geographical Distribution: Since there seems to be morphological 
identity on the part of the causal organism in all cases described as 
due to Khinosporidium kinealyi or Rhinosporiditim seeberi we must 
conclude for the present, at least, that but one species is concerned 
with the production of the disease in question. The geographical 
distribution then becomes aU the more remarkable for its apparent 
discontinuous character. Most of the cases have been found in 
southern and western India and Ceylon. Then we have the early 
group of three cases from Argentina and finally the three scattered 
cases from the United States. The first of these patients had never 
been far from Memphis, Tennessee; the second had spent most of his 
life in Illinois, but had been in Florida and Oklahoma; our present 
patient was born in Missouri and had spent the greater part of his 
childhood on a farm, but was in Michigan at the time the polypus 
was removed. In view of such a wide but discontinuous distribu- 
tion, it seems probable that infection with Khinosporidium seeberi 
is much more common than the few reported cases would seem to 
indicate. CHnically, the condition could not possibly be recognized 
except by those thoroughly familiar with it. Only microscopic ex- 
amination of the tissue removed can bring about its recognition. 
Can it be that many cases considered ordinary polypi and not ex- 
amined microscopically are due to this infection? Our own expe- 
rience seems to discredit that explanation. We have routinely 
examined all nasal polypi removed at the University Hospital as weU 
as many others sent to this laboratory from other sources. Although 
the total reaches many hundreds no other example of this infection 
has been found. The pecuhar geographical distribution could be 
readily explained if it were found that some lower animal is a fre- 
quent carrier of this organism and man but an occasional recipient. 
From case reports it is evident that many of those suffering from this 
infection have lived on farms or have been in dose contact with farm 
animals or the products of farm animals, such as hides. It is not at 
all certain that this is true of all. It is of great interest that a similar 
condition has been described for the horse in South Africa, the causal 
organism having been named Klimosporidium eqtii by Zschokke.^® 
Age and Sex Incidence: RJiinosporidium seeberi infections occur 
particularly in yoxmg men, although no age is exempt. It has been 
found in boys as yoimg as 10 years and in men 60 years of age. It is 
remarkable that not one of the forty or more reported cases has been 
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are abundant and tlie nucleus undergoes changes preparatory to its 
first division (Fig. 5). Shortly thereafter the diromatin is partially 
extruded from tlie karyosome in the form of coarse threads (Fig. 6), 
With further nuclear divisions the parasite increases in size and the 
envelope is thickened by the addition of concentric laminae on its 
inner surface so that it now becomes very distinctly striated. This 
is especially marked about one region where an annular thickening 
marks the site of the future pore for the discharge of the mature 
spores. The nuclei have now considerably increased in number and 
are scattered through the cytoplasm in which there is still abundant 
trophic material. In a later stage the nuclei multiply until they pack 
the interior of the cyst and the cytoplasm becomes concentrated 
about them and apportioned to them, completing cytoplasmic divi- 
sion (Figs. 6 and 7). W^ith the maturation of a portion of the spores 
the parasite, which may now be termed a sporangium, reaches a 
size of 200 to 300 microns. The pore is now ruptured and the spores 
escape (Fig. 10). Such of the spores as are mature develop a limited 
number of spherical granules, 4 to 16, which are apparently distinct 
from the centrally placed karyosome and which according to recent 
investigations are not reproductive bodies (Fig. ii). With the 
escape of the mature spores the cycle is complete as far as is now 
known. It seems probable that such spores can proceed to the devel- 
opment of the early trophic stage directly, although full evidence 
in respect to this stage is lacking. 

The emptying and collapse of the ripe sporangium is followed by a 
local proliferative reaction of foreign body type. The remains of the 
wall and such immature spores as are present may be included within 
multinucleated giant cells which persist for some time, giving the 
usual type of foreign body pseudotuberde formation. Foreign body 
giant cells have not been observed in the granulation tissue of this 
infection except in connection with the disposition of the remains of 
ruptured sporangia as here described. 

General Considerations 

Systematic Position of the Organism: As a result of reworking the 
morphology and probable life history of Rhinosporidnim seeberi, 
Ashworth found it necessary to assign it an entirely new systematic 
position. He believes it to belong to the lower fungi and not to the 
sporozoa, and tentatively places it in the suborder Chytridineae. 
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Clinical Characteristics: Pol3rpoid or papillomatous inflammatory 
newgrowtli is the general characteristic of this condition. In the 
nasal tract this growth tends to become obstructive. Clinically it 
exhibits a marked tendency to bleed. After the usual form of opera- 
tive intervention it practically always recurs, so that most patients 
give a history of repeated operations before the true nature of the 
process is recognized. There is no evidence of a generalized hemato- 
genous dissemination in the reported cases. 

Treatment: Wright was successful in the treatment of his case of 
Rhinosporidiiun infection of the conjunctiva with 2 per cent tartar 
emetic dropped into the eye three times a day. He therefore sug- 
gested similar apphcations for the nasal tract, possibly in the form of 
a daily spray and a weekly pack of the involved nostril. Usually the 
method of choice wiU be operation, but this should include the entire 
area of origin and not simply removal of the polypoid mass with 
snare or scissors. Patients should be advised of the likelihood of re- 
currence and of the desirability of frequent re-examinations. 
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in a female. It must be that the male is exposed to the infection in 
some manner which is not shared by the other sex. Wright found 
three cases involving the conjunctiva in boys in the Civil Orphan 
Asylum in Madras. Not qne of the girl inmates living under pre- 
cisely the same conditions was affected. Both groups used the same 
artificial swimming pool, in whicli the neater was changed once in 
two or three weeks, and the same dusty playground. 

Anatomical Distribution: While the earlier examples of infection 
with Rhinosporidium sccbcri vrere all of the nasal and nasopharyn- 
geal area, subsequently described cases have extended the anatomi- 
cal distribution to include the aural canal, the conjunctiva and 
lachrymal sac, the uvula and the penis. Tirumurti predicted its 
eventual recognition from the external auditory meatus, mucous 
membrane of lips, clieek and tongue, larynx, vagina and rectum. 
Since in the nasal tract infection occurs in areas covered by either 
columnar or squamous epithelium, there seems to be no good reason 
why this prediction will not be realized. With knowledge of the 
wider distribution, the designation Rhinosporidium has become 
much less appropriate. 

Mode of Infection: Nothing is known with certainty about the 
mode of infection and of transmission. The possibility of an animal 
host, probably among the larger farm animals, has already been 
mentioned. All efforts at experimental animal inoculation have 
given but negative results. Monkeys, guinea pigs and rabbits were 
tried by Ingram,^ guinea pigs again by Tirumurti,^- monkeys by 
Wright and Cunningham, and mice, rabbits and guinea pigs by 
Rettie, w^orking with the material from Ashworth’s case.” Likewise, 
with one possible but unproved exception, all attempts to grow this 
organism have been unsuccessfrd. The possibility of contact infec- 
tion is suggested in the histories of several patients who had been 
associated with others having a similar condition. A majority of the 
reported cases give no evidence of association with other cases. 
Fmger-bome infection cannot explain those examples occurring weU 
back in the nasal tract, the nasopharynx and the uvula. If the organ- 
ism is transmitted in dust or water, an assumption in accord with its 
anatomical distribution, it is difficult to understand its limitation to 
males, as Ashworth points out. The occurrence of auto-inoculation 
is clearly shown by the development of additional polypoid growths 
in nearby but new sites. 
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Plate 131 

Fig. I. Rhinosporidial nasal polypus. The closely approximated parasitic cysts 
fill the field, leaving but littie inflammatory stroma visible, x 90. 

Fig. 2. Higher power view showing the cellular stroma between the parasites. 
The organism in the middle of the field is cut so as to show the central kar- 
yosome and the surrounding nutrient substance, x 370. 
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Plate 132 


Fig. 3. Cellular stroma with fibroblastic proliferation. Two parasites show the 
central karyosome in the midst of the granular nutrient substance, x 370. 

Fig. 4. Very early trophic stage of Rhinosporidium sccbcri. Cyst 8 microns in 
diameter. The two-lobed arrangement of the chromatin is not constant. 
X 1500. 
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Treatiient of Data 

It was found inadvisable to attempt to treat the ordinary expres- 
sion of nuclear and cytoplasmic relations, the nucleocytoplasmic 
ratio, by statistical methods. To avoid this difficulty the following 
expressions of relation were used: 

. . _ _ , , . . Volume of nucleus 

(a) Nucleocvtoplasmic mdex = ry-; ; X loo. 

Volume of cytoplasm 

Volume of nucleus 

(b) Nuclear cell mdex = ;; , — - — X loo, 

Volume of cell 

Volume of inclusion 

(c) Inclusion-nuclear index = -yry ; X loo. 

Volume of nucleus 

The individual ceU determinations made on the infected cells were 
analyzed by simple statistical measurements of variation; namely, 
averages, standard deviations and coefficients of variability with 
their probable errors. 

Results 

CeU Volume: Care was taken to select normal secretory ducts 
which were of approximately the same size as those in which the in- 
clusions are usually found. The average volume of 747 normal cells 
measured was foimd to be 613.2 cubic microns. It is interesting to 
note that the variation in the four sets of calculations made was of 
the order of ten. In order to determine the effect of inclusion-laden 
cells upon the adjacent seemingly normal ones the average volume 
of 597 unaffected cells in infected ducts was determined. These cells 
appeared to be, on casual inspection, somewhat compressed and 
small. But in spite of this appearance their average volmne proved 
to be somewhat over 200 cubic microns greater than that of the nor- 
mal duct cells. A few nuclear counts were made and it was found 
that there were in every instance fewer nuclei in such a duct as con- 
trasted with the normal. Nuclear measurements also proved to be 
greater than in the normal duct. From these observations it is clear 
that duct cells near others which are infected, though they look nor- 
mal, react in the usual way to stains and contain abundant mito- 
chondria, are in reality modified volumetrically. 

The infected cells were divided into two groups based upon staining 
reaction and upon the presence of certain cytoplasmic inclusions to 
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Plate 133 


Fig. 5. Trophic stage 58 microns in greater diameter. Beginning segregation of 
chromatin preparatory to first nudear division. Abundant trophic mate- 
rial. X 1500. 

Fig. 6. Trophic stage 75 microns in its greater diameter. Early stage of first 
nuclear division, x 1500. 
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Plate 134 

Fig. 7. A portion of a parasite about 150 microns in diameter with thickened 
laminated wall and multiple nuclei. Twenty-eight nuclei were visible in the 
one section of this organism, x 1500. 

Fig. 8. A portion of a parasite 210 microns in diameter, closely packed with 
maturing spores. Cytoplasmic division has now taken place, x 1500. 
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Fig 9. Immature spores about 5 microns in diameter from the interior of a 
parasite in a somewhat later stage than in the preceding figure, x^isoo. 

Fig. 10. The escape of ripe spores through the pore. The thickened marginal 
annulus is well shown. About x 400. 
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Fig. II. Practically mature spores showing centrally grouped spherules with 
structureless material about them and well defined capsular membranes. 
About X 2000. 

Fig. 12. Foreign body giant cell reaction about old sporangium. Portions of 
wall and spores included within multinuclcate foreign bodj"^ giant cells. 
X 300. 

Fig. 13. Multinucleate foreign body giant cell containing man}' immature 
spores. Portion of wall of ruptured sporangium at bottom of field, x 500. 
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submaxillary virus of guinea pigs 6 1 

be described in a forthcoming publication. In the first group, classed 
cells with “early inclusions,” were placed those cells in which the 
cytoplasmic inclusions had not yet appeared and the small nuclear 
inclusions of which were acidophilic when stained by Giemsa’s 
method. In the second group, designated cells with “late inclusions,” 
the cytoplasm, in contrast contained many inclusions, and the nuclei 
exhibited large inclusions which were intensely basophilic in reaction 
when stained by the same method. Such marked characteristics 
admitted of no shading over from one class into the other in the ar- 
rangement of the data nor in the selection of the cells for measure- 
ment. Another useful point in classification was that nuclear h3rper- 
trophy was marked in the cells with “early inclusions” though the 
cytoplasm was but little altered. In the selection of material, how- 
ever, little attention was paid to the cell size because doing so would 
obviously yield results which did not approximate the truth. 

The volume of the cells containing “ early inclusions” was not ap- 
preciably altered from that of the seemingly normal, but actually 


Table I 

Average Volumes of Cells, Nuclei and Their Inclusions 



Cell volume 
in cubic 
microns 

Nuclear vol- 
ume in cubic 
microns 

Inclusion 
volume in 
cubic 
microns 

Number 

of 

cells 

Normal duct cells 

613.2 

149.I 


747 

Normal cells in infected ducts 

816.0 

160.I 


597 

Cells with early inclusion bodies 

872,2 

260.8 

44.6 

ISO 

Cells with late inclusion bodies 

2ili.g 

694.9 

210.2 

ISO 


slightly enlarged, cells with which they were in intimate association. 
This group of 150 cells showed an average volume of 872.2 cubic mi- 
crons. Despite this fact the nucleus had increased by approximately 
100 cubic microns. The voliune of the cells containing “late inclu- 
sions ” was larger by more than 300 per cent than that of the normal 
duct cells, the mean value being 2111.9 cubic microns. The figures 
dealing with the changes in cellular volumes are given in detail in 
Table I. 
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stages of acute mural endocarditis. The pockets are formed second- 
arily, following the mechanical excavation of the thickened areas, by 
the regurgitating blood impulse after an insufficiency of the aortic 
valve has been established. Krasso maintains that primarily all 
types of pockets are formed on the basis of endocardial thickenings 
which are caused mechanically by the force of the regurgitating 
blood stream, but infectious thrombi with organization, formed in 
such areas, might also play a role in the formation of circumscribed 
endocardial thickenings. 

Schmincke and Borst are of the opinion that the formation of 
endocardial pockets is a sign of functional adaptation. 

Sotti holds that most of the pockets are abnormal muscle 
bridges converted into connective tissue, or aberrant muscles, or 
chordae tendineae, and therefore should be classified rather as mal- 
formations of the heart. 

Ribbert,^® in Henke and Lubarsch’s handbook, says that several 
causes might lead to pocket formation; a primary circumscribed en- 
docarditis, a continuous friction of thickened or calcified aortic leaf- 
lets of the mitral valve upon the opposite endocardial surface of the 
interventricular septum, the mechanical irritation of the regurgitat- 
ing blood in aortic insufficiency, and finally, congenital anomalies. 

The foregoing short survey of the literature shows the different 
views expressed as to the origin of endocardial pockets. While many 
writers believe they occur on a purely mechanical basis, others be- 
Heve them to be of inflammatory origin, while the opinion is ex- 
pressed by some authors that they are formed on the basis of 
congenital malformation. A possible relation of the endocardial 
pockets to the type of valvular disease has not attracted attention. 

The present study was undertaken, first, to determine whether or 
not by the use of serial sections one definite etiological factor might 
be demonstrated as to the cause of the formation of pockets; sec- 
ondly, to see if in different types of valvular diseases a different 
cause could be found to explain such formations. Endocardial pock- 
ets of the left auricle which were present in one case were similarly 
studied. 


Methods 

Six hearts were studied. A detailed description of the hearts will 
be given subsequently. The hearts were obtained from routine post- 
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Introduction 

In cases of insufficiency of the aortic valve, a coincidental and 
striking finding is that of endocardial pockets imitating the form of 
aortic valve leaflets on the surface of the interventricular septum of 
the left ventricle. These pockets are often multiple, their openings 
directed toward the aorta. Even more rarely such pockets are ob- 
served with their openings directed toward the apex of the heart. 

Literature 

Zahn,’- who first directed attention to these formations in aortic 
insufficiency, interpreted them as anatomical signs of incompetence 
of the aortic valves. He believed that such pockets occurred on the 
basis of simple endocardial thickenings which were brought about by 
the chronic irritation of the impulse of the regurgitating blood. In 
his opinion, the prolonged irritation of the regurgitating blood pro- 
duced the pockets or pseudovalves only secondarily. He observed 
plain endocardial thickening in the left auricle in cases of insuffi- 
ciency of the mitral valve, but he did not describe pockets in the left 
auricle. Herxheimer,^ Dewitzky,® Rosenbusch,^ Wilke, and Cohn,® 
similarly believe in the mechanical genesis of circumscribed endo- 
cardial thickenings and endocardial pockets. Kaewel,'^ who states 
that the formation of endocardial pockets may aid in the diagnosis of 
aortic insufficiency, also traces back their origin in most of the cases 
to the mechanical irritation of the regurgitating blood. He thinks ; 
that continuous pressure of a thickened aortic leaflet of the mitral 
valve upon the opposite side of the interventricular endocardium of 
the left ventricle often cannot be ruled out as a contributory cause. 
Ziegler,® Aschoff,® and later Boger emphasize that circumscribed 
endocardial thickenings are primarily infl amm atory in nature, end 

* Received for publication June 20, 1930. 
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tracted and to some extent adherent to one another. A few small, 
recent vegetations were found attached to the free margins. The 
mitral leaflets were markedly thickened, in part calcified, and cov- 
ered with large, partly firm and partly friable vegetations. Through- 
out the aortic leaflet of the mitral valve on its ventricular aspect, 
several ulcers were noticeable. The endocardial surface showed 
throughout the interventricular septum of the left ventricle, begin- 
ning from an area of about 3 cm. below the aortic valve and extend- 
ing down to an area of about 2 cm. from the apical portion, a number 
of pockets. These pockets varied in size from 4 to 12 mm . in width. 
Some of the pockets extended in the form of fibrous bands over sev- 
eral trabeculae carneae and reached the papillary muscles. All pock- 
ets were open in the direction of the aortic valve. While some pock- 
ets were found in the vicinity of vegetations of the aortic leaflet of 
the mitral valve, others showed no apparent relation to these vege- 
tations. There were no thrombi close to the pockets. The cusps of 
the pockets were grayish in color, firm in consistency, and free from 
vegetations. 

Histological Examination: The histological findings in the pockets 
of both cases were about identical. The endocardium in some of the 
sections was fibrosed and showed only a moderate number of nuclei. 
Many sections, however, showed a diffuse infiltration of lympho- 
cytes, endothelial cells, and a few polymorphonuclear leukocytes and 
eosinophiles. The cells were apparently more abundant close to the 
point of attachment of the cusp of the pockets to the endocardium. 
Some slides showed the extension of the inflammatory cells into the 
subendocardial layer. The heart muscle fibers found in the subendo- 
cardial region were markedly atrophic, their cytoplasm distinctly 
graniflar in appearance. There were only a few inflammatory cells 
present in these portions. The cusps of the pockets showed in some 
of the sections a dense fibrous tissue with only a few cellular ele- 
ments, but some of the sections again showed large numbers of en- 
dothelial cells, lymphocytes and a few polymorphonuclear leuko- 
cytes. A few fields showed the formation of small-sized blood vessels 
extending from the endocardixun into the cusps. There were rem- 
nants of blood pigment present. In some of the sections remnants of 
organizing thrombi were recognizable. Sections which were taken 
from the bands extending over the trabeculae carneae showed the 
latter to be surrounded by connective tissue and elastic fibers with 
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mortem examinations. No museum specimens were used for this 
investigation. The endocardial pockets with the adjacent myocar- 
dium were cut out, hardened in lo per cent formalin and embedded 
in paraffin. Serial sections were made from the various pockets. 
The first, fourth, seventh, etc., sections were stained with iron hema- 
toxylin and eosin; the second, fifth, eighth, etc., according to Van 
Gieson’s method, wlule the third, sixth, ninth, etc., were prepared 
with a combination of iron hematoxylin and orcein stain, using a 
method described elsewhere (Saphir . 

Case Reports 

Endocardial Pockets in E carls Showing Acute Ulcerative and Chronic 
Endocarditis {Subacute Bacterial Endocarditis with Positive 
Blood Culture of Streptococcus Viridans) 

Case i. Pathological Diagnoses: Acute ulcerative and vegetative 
endocarditis superimposed on chronic endocarditis of the aortic and 
mitral valves, with insufficiency of both valves. 

Gross Description: The heart was enlarged, weighing 450 gm. 
The free margins of the cusps of the aortic valve showed several 
fresh vegetations. The cusps themselves were retracted and short- 
ened. There were a few small ulcers throughout the ventricular sur- 
face of the left aortic cusp. Many recent vegetations were foimd 
extending over the aortic leaflet of the mitral valve. The free mar- 
gins of the mitral valve leaflets were retracted and thickened, the 
chordae tendineae were firm and shortened. The endocardium below 
the left aortic cusp showed many recent, grayish red vegetations. 
The endocardium surrounding them was of a grayish white color. 
At a distance of 6 mm. from these vegetations, in an area 2 cm. 
below the aortic valve, situated on the interventricular surface of 
the left ventricle there were two small circumscribed endocardial 
pockets measuring 3 and 5 mm. in width. These pockets were open 
toward the aortic valve. 

Case 2. Pathological Diagnoses: Acute vegetative, superimposed 
on chronic endocarditis of the aortic valve. Acute vegetative and 
ulcerative endocarditis of the mitral valve superimposed on chronic 
endocarditis. Insufficiency of the aortic and mitral valves. 

Gross Description: The heart was enlarged, weighing 500 gm. 
The free margins of the aortic cusps were thickened, the cusps re- 
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mitral valve leaflets showed no changes. The conus arteriosus sinis- 
ter (Krasso) was apparently the seat of a relative stenosis. The en- 
docardium of the left ventricular surface of the interventricular sep- 
tum showed many thickened areas which were of stringy appearance 
and which were found in an area about 2 cm. below the aortic valve. 
In and below this re^on several typical pockets were found which 
measured from 2 to 8 mm. in width. The cusps of these pockets were 
firm in consistency. Most of the pockets were in one horizontal row, 
but several were found above and below this row. AU these pockets 
were open toward the aortic orifice. Just below the left aortic cusp 
there was one pocket which measured 5 mm. in width, and which 
was open toward the apex. The endocardium close to this pocket 
was grayish white in color and of much firmer consistency than the 
surrounding portions. 

Histological Examination: The endocardium in the region of the 
pockets was fibrosed. There was an occasional lymphocyte and en- 
dothelial cell found, but the tissue in general was very poor in cells. 
In some portions the endocardium was hyalinized. The fibrosis ex- 
tended into the surrounding subendocardial layer. But here, too, 
very few cellular elements were seen. The muscle fibers close to the 
endocardium were atrophic and in some fields present in the form of 
a light pink-stained material assuming the shape of heart muscle 
fibers. By use of the Van Gieson method these fibers stained yeUow. 
The cusps of the pockets showed a dense connective tissue over- 
growth with a varying number of fibroblasts. There were hardly any 
blood vessels found in this portion nor was there any evidence of 
organization. Both types of pockets, the ones with the openings 
directed toward the apex and the ones with the mouths open toward 
the aorta, showed identical lesions. The elastic tissue stain showed 
an abundance of elastic fibers throughout the cusps. Some of the 
sections showed clearly the extension of the elastic lamellae from the 
endocardium into the cusps. 

Endocardial Pockets m Hearts Showing Rheumatic 
Endocarditis 

Case 5. Pathological Diagnoses: Healed endocarditis of the aortic 
valve. Stenosis of the aortic orifice. 

Gross Description: The heart was enlarged and dilated, weighing 
400 gm. The free margins of the aortic valve were thickened and 
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many lymphocytes and endothelial cells. The trabeculae carneae 
themselves were outlined indistinctly and many of them could be 
recognized only with the aid of the Van Gieson stain. Between the 
fibers, inflammatory cells were observed. The elastic stain showed 
an abundance of elastic lamellae of the cusps. They were found in 
parallel rows. Some of the fields showed tlie extension of the endo- 
cardial elastic lamellae into the cusps. 


Endocardial Pockets in Hearts Showing Syphilitic Involvement 

of the Aortic Valve 

Case 3. Pathological Diagnoses: Syphilitic aortitis vdth involve- 
ment of the aortic valve. InsuflEiciency of the aortic valve. 

Gross Description: The heart was hypertrophic and dilated, 
weighing 650 gm. The aorta showed characteristic lesions of syphili- 
tic aortitis. The cusps of the aortic valve showed a separation of the 
commissures extending over areas measuring 3 to 4 mm. in extent. 
There was a marked insufficiency of the aortic valve. The aortic 
leaflet of the mitral valve was free from pathological changes. The 
upper portion of the left ventricle, just below the aortic valve, 
seemed much narrowed as compared with the size of the remainder 
of the ventricle which was markedly dilated and hypertrophic. The 
impression was gained that this area which Krasso calls “conus ar- 
teriosus sinister,” was the seat of a relative bottle-neck stenosis. 
The endocardium of the interventricular septum of the left ventricle 
showed a series of pockets in four parallel horizontal rows. The 
pockets measured 2 to 6 mm. in width. In the region of the trabec- 
ulae carneae a few connective tissue bridges were seen. AH these 
pockets were open toward the aorta. Just below the left aortic 
cusp, however, another pocket was found which measured 3 mm. in 
width. This pocket was open toward the apex of the heart. In the 
vicinity of this pocket, the endocardium was grayish white in color 
and thickened. 

Case 4. Pathological Diagnoses: S3p)hilitic aortitis -with involve- 
ment of the aortic valve. Insufficiency of the aortic valve. 

Gi'oss Description: The heart weighed 700 gm. It was markedly 
hypertrophic and dilated. The aortic lesions were characteristic of 
syphilitic aortitis. There was a distinct separation of the commis- 
sures of all three cusps and insufficiency of the aortic valve. The 
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remnants of blood pigment and phagocytic cells. The elastic tissue 
stain showed a great number of elastic fibers without any particular 
arrangement. Some of the sections showed these fibers extending 
from the endocardium into the cusps. 

Discussion 

Endocardial Pockets in Hearts Showing Stcbacute Bacterial 

Endocarditis 

The endocardial pockets which were found in the two cases of 
subacute bacterial endocarditis showed evidence of inflammation. 
There were still reronants of inflammatory cells, mainly lympho- 
cytes, a few eosinophiles, endothelial cells and occasional polymor- 
phonuclear leukocytes. Besides, a new formation of small-sized 
blood vessels was easily noticeable. Young connective tissue fibers 
were seen throughout some of the sections, while other sections 
showed scar tissue which in some portions was hyalinized. The sec- 
tions emphasized the importance of serial sections as the only means 
of studying these changes. It easily can be imderstood why, by the 
use of only a few sections, hyalinized scar tissue alone might have 
been found. The sections showed that there must have been pri- 
marily an acute inflammatory exudate which secondarily became 
organized. Whether this was primarily a mural endocarditis or 
whether the initial lesion was brought about by contact with the 
diseased aortic leaflet of the mitral valve cannot be decided. 

Both of our cases showed an insufficiency of the aortic valve. It 
seems plausible that the force of the regurgitating blood and pres- 
sure during diastole, continuously irritating the primary inflamma- 
tory area of the parietal endocardium, finally resulted in the forma- 
tion of the pockets. The question arises whether the pockets were 
formed during the process of organization of the circumscribed parie- 
tal endocarditis, or whether they were formed secondarily after the 
scar formation had been completed. It is conceivable that as soon 
as the insufficiency of the valve was established, and as soon as ir- 
regularities were formed along the course of the regurgitating blood 
and pressure, the irregularities provided a foothold for the regurgi- 
tating blood which, with oft repeated insults to these areas, finally 
led to the formation of pockets. These irregularities might be either 
organizing exudate or circumscribed endocardial thickenings, i. g.. 
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showed adhesions between the lateral portions of the cusps, produc- 
ing a stenosis of the aortic orifice. The myocardium histologically 
showed several Aschoff bodies. The endocardium in an area about 
1 cm. below the left aortic cusp showed a pocket measuring 8 mm. 
in width. This pocket was open toward the apex. The margin of 
this pocket was thin and sharp. The endocardium in the neighbor- 
hood of this pocket was thickened and fibrosed. 

Histological Examination: The sections of the endocardium 
showed a marked increase of connective tissue with only very few 
nuclear elements. The fibrosis extended into the surrounding por- 
tions of the myocardium. The heart muscle fibers in this region 
were apparently atrophic. The cusps themselves showed a hyalin- 
ized connective tissue with few spindle-shaped ceUs. There were no 
blood vessels found, nor was there any other evidence of organi- 
zation. 

Case 6. Pathological Diagnoses: Acute verrucous, superimposed 
on chronic endocarditis of the aortic and mitral valves. Insuffi- 
ciency of both valves. 

Gross Description: The heart was enlarged and dilated weighing 
30.0 gm., (patient was a child 6 years of age). The cusps of the aortic 
valve were shortened and retracted. Their free margins were 
studded with a row of bead-like vegetations. The free margins of 
the mitral valve were thickened and retracted. Some of the chordae 
tendineae were fused by confluence. They were much shorter than 
normal, and thickened. The myocardium upon histological exami- 
nation showed many Aschoff bodies. In an area about 2 cm. above 
the mitral valve, the auricular endocardium showed two pockets. 
The pockets measured 3 and 5 mm. in width. They were quite sepa- 
rate and were open toward the mitral valve. The surrounding por- 
tions of the endocardium were gra3dsh white in color and thickened. 

Histological Examination: The histological examination of the en- 
docardium in the region of the pockets showed a diffuse infiltration 
of many polymorphonuclear leukocytes, a few lymphocytes and en- 
dothelial cells. There was a moderate amount of connective tissue 
with many spindle-shaped cells. The cusps similarly contained a 
large number of polymorphonuclear leukocytes, many lymphocytes, 
endothelial cells, and, in addition, many connective tissue fibers 
with a large number of fibroblasts. There were small-sized blood 
vessels found extending into the cusps. Some of the fields showed 
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This location of such pockets was commonly encountered by most of 
the investigators. Histologically none of the pockets showed rem- 
nants of an acute inflammatory exudate. In both instances they re- 
vealed only connective tissue which was poor in nuclei. Ribbert 
believes that the thickened endocardium in such areas was due to an 
extension of the s)^hilitic process from the valves to the endocar- 
dium. But these areas showed histologically nothing characteristic 
of syphilis. Libman,^^ in discussing Cohn’s paper, does not believe in 
the syphilitic origin of endocardial pockets. Krasso believes that 
primary endocardial thickening, similar to that preceding the forma- 
tion of pockets open toward the aorta, is due to the continuous pres- 
sure of the regurgitating blood in aortic insufficiency. He states that 
in the case of a relative stenosis of the conus arteriosus sinister, such 
thickened areas were secondarily transformed into pockets by the 
force of the systolic pressure. The location of such pockets just 
below the aortic valve, however, makes it seem unlikely that they 
were primarily the result of mechanical pressure of the regurgitating 
blood. Furthermore, there are cases reported, without evidence of 
insufficiency of the aortic valves, showing such pockets. Case 5 of 
this series, similarly did not disclose an aortic regurgitation. 

The following table is offered to show the reported cases in which 
mention was found of pockets open toward the aorta. The table 
gives the name of the author, the diagnosis of valvular disease, the 
number of the particular case, and the number of pockets. 



ENDOCAEDIAL POCKETS 


741 


end stages of a parietal endocarditis. In many sections of the cusps 
of the pockets, blood vessels were seen extending from the endocar- 
dium through the bases of the pockets into the cusps. In addition, 
the cusps also showed inflammatory cells and blood pigment. These 
findings speak more for the fact that the formation of the pockets 
occurred during the period of organization. If the pockets had been 
formed secondarily upon an endocardial scar after the inflammation 
had subsided, we would rather expect to find in the cusps of the 
pockets hyalinized connective tissue without blood vessels or rem- 
nants of inflammatory exudate, mere evidence of mechanical irrita- 
tion. I believe, therefore, that the regurgitating blood and pres- 
sure in aortic insufficiency produced the pocket formation in the 
area which was the seat of a parietal endocarditis undergoing organi- 
zation. The finding of renmants of muscle fibers, with marked 
atrophy but without signs of inflammation in some portions, showed 
that the atrophy was more likely the result of a continuous mechani- 
cal pressure which brought about the formation of pockets, than 
evidence of past inflammations extending into the myocardium. 

Endocardial Pockets in Hearts Shcrwing Syphilitic Involvement 

of the Aortic Valve 

Both of our cases showed pockets which were open in the direc- 
tion of the aorta. But in addition, each case showed one pocket 
which was open in the direction of the apex of the heart. The sec- 
tions of the pockets open toward the aorta showed an abundance of 
connective tissue with hardly any nuclear elements, no blood ves- 
sels, but many elastic fibers. A primary inflammation and secondary 
organization therefore can be ruled out. The only explanation I 
can offer for the formation of these pockets hes in the aortic regurgi- 
tation. The degree of insufficiency of the aortic valve in both cases 
was very marked. It must be assumed that the regurgitating blood 
and pressure acting as a chronic irritant primarily produced cir- 
cmnscribed fibrosed areas of the endocardium. As soon as irregu- 
larities of the endocardium were formed, the continuous regurgita- 
tion with formation of eddies in these regions finally resulted in the 
formation of pockets. 

The pockets which were open toward the apex were found below 
the left aortic cusp very dose to white, fibrosed areas in both cases. 
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Nuclear Volume: The volume of the nucleus of the normal duct 
cell, when estimated by the procedure employed, was found to be 
149. 1 cubic microns. The mean diameter of the nucleus was calcu- 
lated to be 6.76 microns. The observed diameter of the nucleus aver- 
aged 6.55 microns when a control series of 450 nuclei were measured. 
The mean nuclear volume of the apparently unaltered cells in the in- 
fected ducts was computed to be 160.1 cubic microns. This rise in 
nuclear volmne however is so slight that it would be unwise to attach 
much significance to it. 

Nuclear hypertrophy in the cells with “early inclusions ” increased 
the volume of the nucleus to 260.8 cubic microns, but the cytoplas- 
mic enlargement did not keep pace with the nuclear change. The 
duct cells with ‘Tate inclusions” showed an even greater increase in 
volume for at this stage the average nuclear size reached 694.9 cubic 
microns (Table I). 

Inclusion Vohime: The inclusions, found in the cells with begin- 
ning infections, when measured showed an average volume of 44.6 
cubic microns. The mature inclusions, on the other hand, had in- 
creased in size so that they were more than 300 per cent greater in 
volume than those of the cells with early infections. The volume of 
the inclusions in these cells was 210.2 cubic microns or almost as 
large as the entire nucleus in cells with “early inclusions.” 

Nuclear Cell Index: This expression of the nucleus cell relation in 
terms of volume was obtained by dividing the volume of the nucleus 
by the volume of the cell and multiplying the result by 100 so that it 
could be expressed in percentages. The nuclear cell index for the 
normal cells was 24.27, which means that the nucleus formed practi- 
cally one-fourth of the cell volume. The normal cells in the infected 
ducts showed a definite and significant change in this relation be- 
cause the nuclear cell index dropped to 20.44. this instance the 
nucleus formed one-fifth of the total cell volume. No microscop- 
ically visible changes were observed capable of explaining why this 
alteration in cell and nuclear volume should occur. 

Since the infected cells were measured individuaUy .it was possible 
to apply certain mensurations of variability which confirmed the 
propriety of separating them into two classes. It also provided a 
means of checking the accuracy of the method appUed to their 
volumetric determinations. 

The mean nuclear ceU index in the ceUs with “early inclusion 
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Tabix I 


Case Reported tviik Pockets open Toward the Aorta 


Author 

Main diagnosis 

Case 

No. 

Number 
of systolic 
pockets 

Wilke 

Stenosis of the aortic orifice due to a papillary 
tumor of the aortic valve. 

3 

Several 

Wilke 

Recurrent endocarditis of the aortic valve. 
Stenosis of the aortic orifice and insufficiency 
(?) of the aortic valve. 

■ 

Several 

Kaewel 

Syphilitic involvement of the aortic valve. 
Insufficiency of the aortic valve. 

6 

2 

Kaewel 

Syphilitic involvement of the aortic valve. 
Insufficiency of the aortic valve. 

■ 

I 

Kaewel 

Syphilitic involvement of the aortic valve. 
Insufficiency of the aortic valve. 

8 

2 

Kaewel 

Acute, superimposed on chronic endocarditis 
of the mitral and aortic valves. 

21 

3 

Boger 

Healed thrombo-endocarditis, ulcerosa lenta. 
Stenosis of the aortic orifice and iiisufficiency 
of the aortic valve. 

1 

1 

2 

Boger 

Healed rheumatic endocarditis of mitral valve. 

12 

I 

Krasso 
(first paper) 

Recurrent malignant endocarditis. Insuffi- 
ciency of the aortic valve and moderate ste- 
nosis of the aortic orifice. 

■■ 

■ 

I 

Krasso ' 

(second paper) 

Healed endocarditis of the aortic and mitral 
valves. 

Insufficiency of the aortic valve and stenosis 
of aortic orifice. 

1 

I 

1 

Krasso 

(second paper) 

Recurrent malignant endocarditis. 

Insufficiency of aortic valve and stenosis of 
aortic orifice. 

2 

I 

1 

Krasso 

(second paper) 

Recurrent verrucous endocarditis. 

Insufficiency of aortic valve and stenosis of 
aortic orifice. 

3 

i 

I 

Krasso 

(second paper) 

Syphilitic involvement of the aortic valve. 
Insufficiency of the aortic valve. 

s 

2 

Krasso 

(second paper) 

Healed endocarditis of aortic valve. 
Insufficiency of aortic valve. 

6 

I 

Krasso 

(second paper) 

Healed endocarditis of aortic valve. 

Syphilitic involvement of the aortic valve. 
Insufficiency of aortic valve. 

8 

Several 
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Seven cases out of the fifteen shown in the table were the seat of 
an unquestionable stenosis of the aortic orifice. Five cases showed a 
syphilitic involvement of the aortic valve; but the hearts of these 
cases were the seat of a marked hypertrophy and dilatation leading, 
as Krasso specifically pointed out, to a relative stenosis of the aortic 
conus. In his case (No. 6) showing an insufi&ciency of the aortic 
valve without organic stenosis of the orifice, Krasso emphasized the 
presence of a relative stenosis of the aortic conus. In Kaewel’s case 
(No. 2i) showing an acute, superimposed on chronic endocarditis of 
the aortic and mitral valves, the diagnosis of stenosis of the aortic 
orifice was not mentioned, but the hypertrophy and dilatation of the 
heart was emphasized. Boger’s case (No. 12) showed a healed rheu- 
matic mitral endocarditis. But neither the size nor the weight of the 
heart was given, so that nothing can be said about a possible relative 
stenosis of the aortic conus. Both of our cases of syphilitic involve- 
ment of the aortic valve, in which pockets open toward the apex 
were found, were the seat of a relative stenosis of the aortic conus 
brought about by the marked hypertrophy and dilatation of the 
heart. It is possible that the friction of the systohc blood stream, and 
pressure, is sufficient to produce a mechanical irritation of an area 
situated in the region of the stenosed conus. At the same time, the 
continuous impulse of the systohc blood stream, and pressure, might 
result in the formation of pockets. Kjasso calls pockets which are 
open toward the aorta diastohc pockets, and those open toward the 
apex, systolic pockets. It seems that this nomenclature is justifiable 
and should be adopted. 


Endocardial Pockets in Rheumatic Endocarditis 

Case 5, which showed a healed rheumatic endocarditis resulting 
in a stenosis of the aortic orifice, presented only one systolic pocket 
just below the aortic valve area. However, the surrounding endo- 
cardium was diffusely thickened. The sections of both, the cusp of 
the pocket and the surrounding endocardium, revealed no indica- 
tions of organization or remnants of an inflammatory exudate. The 
sections showed only fibrous tissue with a few nuclear elements. The 
aortic leaflet of the mitral valve showed no changes. This pocket, 
similar to the systolic pockets of the last two cases, was apparently 
the result of the continuous irritation and friction of the systolic 
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blood stream and pressure upon the area below the stenosed aortic 
orifice, produdng, first, simple thickenings of the endocardium with 
secondary formation of pockets. The pathogenesis of the systolic 
pockets of this case and of the last two cases is apparently identical. 

Sections of the auricular pockets of the second case of this group 
showed the presence of inflammatory cells, lymphocytes, polymor- 
phonuclear leukocytes, endothelial cells and a new formation of con- 
nective tissue. The surrounding portions of the myocardium showed 
similar inflammatory cells. It is evident that the primary changes 
were inflammatory in nature. As in the first group of cases, the im- 
pulse of the regurgitating blood directed upon an area of organizing 
parietal endocarditis of the left auricle, caused the formation of pock- 
ets after the insufficiency of the mitral valve was established. 

This case is especially noteworthy because a search through the 
literature disclosed only one other case, described by Abbott,^® 
which showed pockets in the left auricle. This author found a thick- 
walled endocardial pocket in the left auricle of a heart which was the 
seat of a large open foramen ovale and button-hole stenosis of the 
mitral orifice. The depths of this pocket lay in close contiguity to a 
muscular channel running from an accessory chamber in the right 
auricle. The auricular endocardium was greatly thickened. The 
histological details, however, are lacking and it is, therefore, difficult 
to decide whether this pocket was inflammatory in origin or evidence 
of another malformation of the heart. 

The various pockets in our cases, therefore, seem of different 
origin. Some are primarily inflammatory in nature, results of or- 
ganizing parietal endocarditis, while others seem to be the result of 
primary mechanical irritation. The formation of the pockets them- 
selves, however, is in the final analysis, always caused by the force 
of either systolic or diastolic regurgitating blood columns and 
pressure. 

In the discussion of the pathogenesis of diastolic endocardial pock- 
ets, the ultimate cause for their formation appears to be the re- 
gurgitation of blood and pressure. Wiggers in his “ Circulation in 
Health and Disease” states that in aortic insufficiency only a small 
volume of blood actually regurgitates, and that the essential dy- 
namic disturbance is brought about not by the voliime of blood 
which regurgitates, but by the regurgitation of pressure during dia- 
stole. However, more recently, -Wiggers and Green found that in 
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artificially produced aortic insufficiency, the total regurgitation 
under optimum conditions can equal 50 to 60 per cent of the normal 
tidal volume in the perfused heart. It seems unlikely that the re- 
gurgitating pressure in aortic insufficiency is able to act upon one 
circumscribed area of the endocardium and produce there, in time, 
diastolic pockets. It is more likely that the regurgitating pressure 
occurring without fluid movement would extend equally in the vari- 
ous directions. The only possible explanation of the pathogenesis of 
the formation of endocardial pockets lies in the assumption of a re- 
gurgitation of blood. The regurgitation of pressure might play an 
additional, but much less important role. Whether the actual fric- 
tion of the regurgitating blood, or whether eddies formed by the 
regurgitating blood and directed upon a circumscribed portion of 
endocardium produce the chronic inflammation which is the basis 
for the formation of some of the pockets, cannot be decided. 

All the sections revealed the presence of a great number of elastic 
lamellae. Some of the sections showed the direct continuation of the 
internal elastic lamellae of the endocardium into the pockets. 

Wilke, as stated before, is of the opinion that the pockets are mani- 
festations of functional adaptation. A similar view was more lately 
expressed by Borst. Functional adaptation, however, implies that 
the part involved adapts itself to new fimctional demands (Kars- 
ner and actually fulfills the demanded functions (Borst). The en- 
docardial pockets, however, only resemble pockets of aortic valves. 
Even though they are brought about by the force of the blood stream 
and are often found to be multiple, yet they cannot have any marked 
function because they are small and hold only a very insignificant 
amount of blood. To fulfill a function, it would be necessary that 
the pockets be close enough together to allow their cusps to touch 
during diastole as aortic cusps do. If such pockets were found in an 
entire row just below the aortic valve, a teleologist might be justi- 
fied in assuming them to be evidence of functional adaptation. 

Summary and Conclusions 

I. In two cases of subacute bacterial endocarditis of the aortic 
and mitral valves with insufficiency of the aortic valve, endocardial 
pockets with openings toward the aorta were found on the inter- 
ventricular septum of the left ventricle. The initial lesion which 
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brought about the pocket formation was a circumscribed parietal 
endocarditis. The continuous regurgitation formed the pockets 
secondarily. 

2. In one case of rheumatic endocarditis of the mitral valve with 
insufficiency of this valve, endocardial pockets were present in the 
left auricle. These pockets were open toward the mitral valve. 
They also were primarily inflammatory in origin and formed second- 
arily by the regurgitation after the insufficiency of the mitral valve 
had been established. 

3. In two cases of S3^hilitic involvement of the aortic valve with 
insufficiency of this valve, endocardial pockets open toward the 
aorta were found. These pockets were caused primarily by the me- 
chanical irritation of the regurgitating blood columns. 

4. Two cases of syphilitic involvement of the aortic valve with 
insufficiency of this valve and marked stenosis of the conus arte- 
riosus sinister, and one case of rheumatic endocarditis of the aortic 
valve with stenosis of its orifice, showed endocardial pockets on the 
interventricular surface of the left ventricle. These pockets were 
open toward the apex of the heart. They were brought about by 
the mechanical irritation of the systolic blood stream acting as a 
trauma upon the endocardium in the region of the stenosed portions. 

5. Diastolic endocardial pockets are evidence in favor of the view 
of actual regurgitation of blood volume. 

6. The nomenclature of “diastolic pockets” referring to those 
open toward the aorta and “systohc pockets” referring to those 
open toward the apex (Krasso) is justified. 

7. Endocardial pockets caimot be regarded as manifestations of 
functional adaptation. 

I am indebted to Prof. H, T. Karsner for his valuable suggestions. 


REFERENCES 

1. Zahn, F. W. Ueber einige anatomische Keiinzeichen der Herzklappen- 

insuffizienzen. Verhandl. d. Kong. f. inn. Med.., 1895, 13, 351. 

2. Herxheimer, G. Ueber Sehnenflecke \md Endokardschwiden. Beilr. s. 

■path. A'nat. u. z. allg. Pathol., 1902, 32, 461. 

3. Dewitzky, W. Ueber Endokardialflecken. Frankfurt. Ztschr. f. Path., 

1912,9, 82. 

4. Rosenbuscb, H. Ueber mechanische Endocardveranderungen. Frankfurt. 

Ztschr. f. Path., 1913, 14, 342. 



748 SAPHIR 

5/ Wilke, A. Veranderungen am Endokard der Pars aortica bei Insufficienz 
und Stenose des Aortenostiums. Deutsches Arch. f. him. Med., igio, 99, 
108. 

6. Cohn, A. E. The formation of endothelial pockets in aortic insufficiency. 

Free. New York Path. Soc., 1914, 14, 24. 

7. Kaewel, H. Endocardtaschen auf dem Septum ventriculorum. BcUr. z. 

path. Altai, u. z. allg. Pathol., 1928, 79, 431. 

8. Ziegler, E. Lehrbuch der speziellen pathologischen Anatomie. Jena, 1898. 

9. Aschoff, L. Pathologische Anatomie. Jena, 1919. 

10. Boger, A. Ueber die Endocardsklerosen. BcUr. z. path. Anat. u. z. allg. 

Pathol., 1929, 81, 441. 

11. Krasso, H. Ueber at3rpische endocardiale Taschenbildungen bei Aortenin- 

suffizienz. Frankfurt. Ztschr. f. Path., 1925, 32, 173. Die pseudoval- 
vularen Bildungen des parietalen Endokards bei Aortenklappenfehlem 
imd ihre Bedeutung. Frankfurt. Ztschr. f. Path., 1929, 37, 136. 

12. Schmincke, A. Endokardiale Taschenbildung bei Aorteninsuffizienz. Fir- 

chows Arch.f. path. Anat., 1908, 192, 50. 

13. Borst, M. Das pathologische Wachstum. Aschoff’s Pathologische Ana- 

tomie, Jena, 1919. 

14. Sotti, G. Sulle formazioni pseudovalvolari dell’endocardio parietale ven- 

tricolare. Riv. veneta di sc. med., 1906, 16, 493. 

15. Ribbert, H. Die Erkrankungen des Endocards. Henke and Lubarsch’s 

Handbuch der speziellen pathologischen Anatomie und Histologie, 
Berlin, 1924. 

16. Saphir, 0 . Involvement of medium-sized arteries associated with syphilitic 

aortitis. Am. J. Path., 1929, 5, 397. 

17. Libman, E. Discussion of Colm’s paper. Proc. New York Path. Soc., 1914, 

14, 24. 

18. Abbott, M.E. Two cases of widely patent foramen ovale. Internal. A. M. 

Museums Bull., 1915, 5, 129. 

19. Wiggers, C. J. Modern Aspects of the Circulation in Health and Disease. 

Philadelphia, 1923. 

20. Wiggers, C. J., and Green, H. Experimental aortic insufficiency. I. Regur- 

gitation maximvun and mechanisms for its accommodation within the 
mammalian ventricle. Proc. Soc. Exper. Biol. &* Med., 1930, 27, S99- 

21. K-arsner, H. T. Human Pathology. J. B. Lippincott Co., Philadelphia and 

London, Ed. 2, 1929. 


DESCRIPTION OF PLATES 

Plate 137 

Fig. I. Heart of Case 2. Diastolic pockets of the interventricular septum of 
the left ventricle. 

Fig. 2. Heart of Case 3. Diastolic pockets on the interventricular septum and 
one systolic pocket below the left aortic cusp. 

Fig. 3. Heart of Case 4. Diastolic pockets and one systolic pocket below the 
left aortic cusp. Note the marked dilatation of the heart. 
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Plate 137 



Plate 13S 


Fig. 4. Heart of Case 5. One systolic pocket. 

Fig. 5. Heart of Case 6. Note two endocardial pockets on the left auricular 
endocardium. 

Fig. 6. Cusp of pocket of Case 2. Note the inflammatory cells. Iron hema- 
tox3din and eosin preparation, x 260. 

Fig. 7. Section of base of pocket of Case 2. Note the inflammator^'^ cells. Iron 
hematoxylin and eosin preparation, x 260. 
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Plate 138 
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Endocardial Pockets 






Plate 139 


Fig. 8. Cusp of pocket of Case 2. Note the newly formed blood vessels. Iron 
hemato.\3din and eosin preparation, x 180. 

Fig. 9. Fibrous band e.xtending over one of the trabeculae carneae. Note the 
abundance of elastic lamellae. Orcein and iron hematoxylin preparation. 
X 80. 

Fig. 10. Cusp of pocket and adjacent mjmeardium of Case 3. Note the spindle- 
shaped cells of the cusp and the atrophic muscle fibers. Infiammatorv cells 
are not present. Iron hematox3din and eosin preparation, x 180. 

Fig. II. Section of base of pocket of Case 6. Note the newl3’^ formed blood ves- 
sels. Iron hematox3din and eosin preparation, x iSo. 
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bodies” was found to be 30.00 with a probable error of ± 0.319, 
while the .same index for cells with “late inclusions” was 33.07 ± 
0.263. The difference between these two means is 3.07 ± 0.413. It 
is important to note that in every test applied, the variability of the 
cells with “early inclusions” was greater than that of the cells with 
“matured inclusion bodies.” This fact seems to indicate that there 
is a much more rapid rate of increase in cell and nuclear volume dur- 
ing the early development of the inclusions than later on. Further- 
more it seems probable that the cells with “late inclusions” have 


TABtE n 

Average Nuclear Cell Indices 



Number of 
cells 

Nuclear cell 
index 

Stand^d 

deviation 

Coefficient of 
variability 

Normal duct cells 

747 

24.27 



Normal cells in infected 
ducts 

597 

20.44 



Cells with early inclusion 
bodies 

ISO 

30.00 ± 0.319* 

3.80 ± 0.226 

19-33 0.7S3 

Cells with late inclusion 
bodies 

150 

33.07 ± 0.263* 

4.77 ± 0.186 

14.42 ± 0.562 


• The difference of these two means is 3.07 =»= 0.413 and may therefore be regarded as significant. 


reached the peak of their size increase and have become more or less 
stabUized with regard to volumetric relations. 

These figures, with variability determinations, are given in detail 
in Table II. The scatter of the observations on nuclear cell index is 
illustrated by the frequency graph given in Text-Figure 2. It is of 
interest to note that the modal points of the two curves coincide al- 
though the means of these two sets of data are significantly different. 

Nudeocytoplasmic Index: By the subtraction of nuclear volume 
from cell volume a figure was obtained which represents the volume 
of the cytoplasm for a given cell. An index of the proportion of 
nucleus to cytoplasm was then derived by dividing the volume of the 
nucleus by that of the cytoplasm and multipl3dng the result by one 
hundred. In the normal duct cells the nudear volume was approxi- 
mately one-third of that of the cytoplasm. The normal cells in the 
infected ducts showed, however, a decrease in this relation for the 
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phagocytic cells. This does not imply that antibodies per se are un- 
important; it does suggest the need of directing more attention to 
the cells themselves. 

A further impetus to the enlargement of our concepts of tissue- 
immunity was furnished by Besredka * in his studies of local im- 
munity. Although Besredka’s interpretations of the mechanism of 
local tissue-inununity are not accepted by many, his ideas have 
stimulated much investigation and have aided in the clarification of 
a difficult problem of immunology. We also owe much of this clari- 
fication to the work of Gay and his associates,®' ® who have greatly 
extended our knowledge of tissue-immunity and have done the most 
to correlate immune processes with histological changes in the tis- 
sues, thus furnishing a basis for the development of a field of his- 
tological immunology. In an extensive investigation of the problem 
of experimental streptococcic empyema, Gay and his collaborators 
have shown clearly that in this condition increased resistance of 
pleural cavities to streptococci is due primarily to an actual increase 
in numbers of tissue-macrophages in the wall of the thorax. Previous 
irritation of the pleural surfaces by the injection of such substances 
as gum arabic broth leads to the development or mobilization of 
large numbers of macrophages beneath the parietal pleura and these 
actively phagocytic cells ensure protection against large dosages 
when streptococci are later injected into the pleural cavity. 

Opie ® has also made observations of the greatest impor- 
tance in his studies of anaphylactic inflammation. He has demon- 
strated that when rabbits are injected intradermally with foreign 
proteins such as horse serum or crystalline egg albumin, much of the 
material is quickly demonstrable in the blood stream by precipitin 
tests, but “with repeated injection of the antigen the quantity of for- 
eign protein that enters the blood stream diminishes and finally with 
advanced immimization none enters unless massive doses have been 
employed.” Furthermore, in the immunized animal the foreign pro- 
tein is fixed at the site of injection, a fact of significance because this 
is where the anaphylactic inflammation occurs. This inflammation 
is characterized by a rapid infiltration of polymorphonuclear leuco- 
cytes at the site of the inoculation, with edema and the deposition 
of fibrin. The small blood and lymph vessels are injured and throm- 
bosis frequently occurs, leading, especially in the rabbit, to necrosis 
(Arthus phenomenon). Since a. similar reaction occurs when antigen 
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Cellular Reactions of the Skin of the Guinea Pig as 
Influenced by Local Active Immunization 

Paul R. Cannon, M.D., and G. A. Pacheco, B.S. 

{From the Department of Pathology and the Otho S. A. Sprague Memorial Institute, 

University of Chicago, Chicago, III.) 

The relatively unsatisfactory results of many years emphasis upon 
humoral factors in the defense against infectious diseases have grad- 
ually led to a reexamination of some of the underlying mechanisms 
involved, and as a result the cellular reactions of immunity are now 
receiving more attention. This is not surprizing in view of the many 
disappointments following attempts to secure preventive and cura- 
tive serums, the transitory nature of passive immunity and the fail- 
ure of protection at times in the presence of high concentrations of 
immune bodies in the serum. On the other hand, the permanency 
of active immunity, as after an attack of typhoid fever or small-pox, 
or from the administration of certain vaccines, offers possibilities 
of prevention far superior to those hitherto attained by the use of 
serums. 

The emphasis upon cellular mechanisms of defense received re- 
newed stimulus through the attention paid to the mesenchymal tis- 
sues by Aschoff ^ in the reticulo-endothelial system. The principal 
merit of Aschoff’s work probably lies in its development of certain 
morphological aspects of defensive mechanisms; as a result, prin- 
ciples enunciated by Metschnikoff are now receiving more serious 
attention and are being revealed as fundamental in aU considera- 
tions of the basic problems of immunology. Furthermore, acemnu- 
lating evidence points increasingly to the dose relationship between 
phagocytic cells, particularly macrophages, and antibody-formation, 
so that at present it is no radical concept that antibodies may be 
merely excess products resulting from the ingestion of antigenic sub- 
stances by phagocytes. If this view is correct, the attempts to ob- 
tain serums or solutions of antibodies may be concerned mainly with 
by-products, the fundamental reaction actually occurring within the 

* Received for publication July 21, 1930. 
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of antigen and antibody were followed by a secondary infiltration of 
cells of inflammation into this area, the infectious agents should be 
even more effectively localized. This entire mecham'sm should then 
be considered as cellular and a type of tissue-immunity. Even in the 
presence of marked necrosis at the site of inoculation, if such a local 
reaction prevents the dissemination of the infectious antigen, the 
effect nevertheless is protective and an evidence of immunity. As 
Opie says, “the apparent susceptibility of the protected animal to 
local injury is a paradox explained by changes which serve to protect 
the organism as a whole.” In other words, a scar from a furuncle is a 
small price to pay for the prevention of pyemia. 

A phase of tissue-immimity which has received much attention 
within recent years is the problem of local immunity. In regard to 
this, we feel that too much emphasis has probably been placed on 
the localized nature of the immunity and on the role of antibodies in 
the phenomenon. Besredka defines local immunity as an “immun- 
ity without the obligatory participation of antibodies.” Such a con- 
ception, if correct, would materially modify the usual conceptions 
as to the relative importance of cellular and humoral factors in im- 
munity. Besredka’s ideas are based, principally, on the evidence of 
an acquired immunity of local tissues, such as the skin and mucous 
membranes, in the absence of any significant degree of antibody- 
concentration in the blood serum. This, however, does not neces- 
sarily exclude the possibility of antibodies being within the cells or 
around them in the area of localized tissue-immunity; indeed, there 
is evidence that local concentration of antibodies may play a con- 
siderable part in the local tissue-immunity. Gay’s definition of local 
immunity as an immunity “due to a locally superior mechanism for 
the disposal of a particular microorganism,” seems to be much 
broader and more in conformity with the facts. This mechanism 
may or may not be associated with the action of antibodies, but until 
we kn ow what function antibodies have within phagocytic cells and 
how quickly they may appear there, we cannot arbitrarily exclude 
them from participation in immune processes merely because they 
may seem to be of little significance as shown by the usual serologi- 
cal tests, especially in view of the increasing evidence that the usual 
site of antibody formation is in the individual cells of the mesenchy- 
mal tissues. 

The demonstration of a localized type of immunity does not neces- 
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and antibody are simultaneously injected into the tissues of a rabbit, 
but not when antigen and normal serum are so injected, and since 
the same effect is observed when antiserum is injected into the tis- 
sues of a sensitized animal, Opie concludes that “anaphylactic in- 
flammation occurs because antigen and antibody have met in the 
tissues.” If we assume that at least part of this union occurs within 
tissue macrophages, the intracellular reaction may conceivably either 
give no effect or may give anaphylactic inflammation, depending 
upon the amount of antigen entering sensitized macrophages in a 
short period of time, or the relative concentration of intracellular 
antibodies available for the reaction with the antigen. In either case 
a too violent reaction could be followed by a certain degree of dam- 
age to the surrounding tissues with injury to capillaries, thus in- 
creasing their permeability for the plasma and cellular elements so 
prominent in inflammation, anaphylactic or otherwise. It is a rea- 
sonable hypothesis that at least some of the cutaneous reactions 
which we regard as anaphylactic or allergic may be due to an altered 
reactivity of these phagocytic cells, both as to rate of phagocytosis 
and rate of intracellular digestion of antigenic substances, as deter- 
mined by the number of phagocytes available, their state of reactivity 
and the amount of antigen utilized per unit of time. Where anaphy- 
lactic inflammation occurs, the extent of the cellular infiltration may 
depend upon the degree of the chemotactic stimulus; at times the 
very violence of the reaction may overshadow the beneficent action, 
giving the “two-edged sword” effect of dissemination of the antigen. 

To what degree can we regard this reaction as a mechanism of de- 
fense? The answer will be determined by the behavior of properly 
sensitized tissues to the entrance of pathogenic microorganisms. 
Probably the essential difference between the effects of infectious 
agents and of inert antigens is in the ability of the former to multi- 
ply and to invade tissues. If both multiplication and invasion could 
be prevented to a large extent because of a local union of antigen and 
antibody through an agglomerating reaction, such as agglutination 
or precipitation of the microorganisms or their products, the tend- 
ency to dissemination of the germs would be greatly lessened. If, 
in addition, an increased number of macrophages, especially ones 
sensitized by previous e^eriences with the antigen, were present in 
the area of invasion, phagocytosis should be quantitatively in- 
creased. Finally, if the reaction to injury through this local meeting 
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Stage. The authors concluded that “the clasmatocytes in large 
numbers diminish the virulence of the bacterial attack and also, 
by ingesting the polymorphonuclear leucocytes which contain 
staphylococci, they prevent a recurrence of bacterial activity.” 

An important study of the inflammatory reactions of the sub- 
cutaneous tissues of normal and immunized mice, using streptococci 
and pneumococci, was also made by Tsuda “ in Lubarsch’s labora- 
tory. In normal animals this response varied with the degree of 
virulence of the microorganisms injected, but with weakly virulent 
germs the organisms remained at the site of inoculation, were quickly 
surrounded and phagocytosed by leucocytes and then encapsulated 
by connective tissue cells. There was thus no dissemination of the 
microorganisms through the adjacent tissues. With highly virulent 
microorganisms, however, there was an early injury to the tissues 
at the site of inoculation with very little phagocytosis of the germs, 
and with a consequent rapid dissemination of the latter throughout 
the surrounding tissues. In immunized animals both virulent and 
avirulent bacteria were quickly injured, as shown by evidences of 
degenerative changes such as swollen and poorly stained forms, 
inequality of size, etc. There was also a marked tendency to ag- 
glutination followed by active phagocytosis by the leucocytes and 
macrophages. This observation of agglutination in vivo, while not 
emphasized by Tsuda, is obviously of great significance. Tsuda states 
that “if the immunity is strong enough, the injected cocci show at 
the site of injection agglutination phenomena in the form of floccular 
clumps and aggregations of microorganisms.” 

More recently Imschenetzky has shown that the application 
to rabbits of dressings saturated with isotonic salt solution or with 
staphylococcus antivirus solutions leads to a distinct inflammation in 
the subcutaneous tissues, with hyperemia, edema and an increased 
prominence of histiocytes and increased numbers of infiltrated leu- 
cocytes. Similar dressings saturated with a i per cent solution of 
trypan blue in salt solution led to the appearance of granules of dye 
in the histiocytes, but only after forty-eight-hour apphcation of the 
dressings, and then only when there were evidences of slight injuries 
to the epidermis which had increased its permeability. 
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sarily im ply the absence of protection elsewhere; resistance locally 
as well as generally is relative and a matter of degree. Nevertheless, 
by proper dosage, and by localized immunization, several investi- 
gators have shown that certain tissues may acquire an enhanced abil- 
ity to resist invasion by microorganisms as compared with other tis- 
sues of the same individual. In such conditions of local immunity 
more evidence is needed as to the factors concerned, whether cellu- 
lar, humoral, or both. Morphological evidence, particularly, is 
desirable, either of local dissolution or agglomeration of bacteria 
injected, or of an increased nurqber of phagocytic cells in the area, or 
of increased metabolic activity of such cells. Curiously enough, al- 
though Besredka speaks of certain “receptive cells” which are 
dominant in localized areas of immunity, it seems that he has made 
little study of them from a histological viewpoint; nor have most of 
the other workers in this field given much consideration to tins point. 

Apparently the only histopathological study of the cellular reac- 
tions of the skin of the guinea pig to staphylococcus infection ac- 
cording to the methods of Besredka, is that of Freedlander and 
Toomey.^° These workers made a detailed examination of the in- 
flammatory response in the subcutaneous tissues of normal guinea 
pigs, and of ones previously treated with broth compresses and 
staphylococcus filtrates prepared according to the methods of Bes- 
redka. A definite localized protection was observed following the 
application of broth compresses, which protection persisted longer 
than twenty-four hours and less than seven days. The protection 
seemed to be non-specific and was correlated -with histological 
changes in the subcutis where there was a significant increase in the 
numbers of dasmatocytes, fibrocytes and lymphoid cells following 
the application of sterile broth compresses for forty-eight hours. 
The inflammatory response to the subcutaneous injections of staphy- 
lococcus cultures in such animals was characterized by an infiltration 
of cells of inflammation in the subcutis, much more marked in degree 
than in normal animals similarly infected. Also, although poly- 
morphonudear leucocytes were the predominant cells in each case, 
they tended to degenerate in the control animals, whereas they 
retained their normal appearance in the broth-protected ones. In 
addition, in the latter animals there was an increased infiltration 
of small mononuclear cells and a greater prominence of dasmato- 
cytes, with fibroblasts tending to organize the process at an early 



756 


CAIWON AND PACHECO 


In the denser areas the latter are elongated and compressed and at 
times resemble fibroblasts. Mallory’s connective tissue stain, how- 
ever, shows but slight increase in the amount of collagen, although 
there is a definite increase of collagen in the densest areas of macro- 
phages. Mitotic figures are not seen in the regions of thickening, and 
the multiplicity of mononuclear types, from lymphocytes to typical 
macrophages, suggests that, as maintained by Maximow, the latter 
may be differentiated forms of cells of hematogenous origin, partic- 
ularly lymphocytes or monocytes (see Fig, i). 

The Behavior of India Ink Injected into Normal Skin and 

INTO Skin Previously Immunized against Staphylococci 

The intradermal injection of 0.2 cc. of a 4 per cent suspension of 
India ink in sterile isotonic salt solution into a normal guinea pig 
was followed by a diffuse dispersion of the particulate material 
through the subcutis. Sections showed much of the ink caught along 
the coUagenic fibrils, although some of it was engulfed by tissue mac- 
rophages. A moderate infiltration of polymorphonuclear leucocytes 
occurred at the end of twenty-four hours, but these did not engulf 
the particles of ink to any extent. When the same quantity of ink 
was injected into an area of skin of a guinea pig which had previously 
been given ten intracutaneous injections of plain peptone broth, the 
effects were not noticeably different from those observed in the nor- 
mal animal. When a similar quantity was injected, however, into 
the skin of a guinea pig which had previously been immunized by 
ten intradermal injections of the killed staphylococcus vaccine, there 
was a distinct tendency for the ink to remain localized near the site 
of inoculation rather than to be dispersed through the subcutis. 
Fig. 9 shows the distribution of the ink in the skins of the three ani- 
mals and Fig. 2 illustrates the mode of disposal of the ink particles 
by the macrophages of the subcutis. It is interesting that monocy- 
toid cells, lymphocytes and polymorphonuclear leucocytes show 
little tendency to engulf the particles of ink. These observations sug- 
gest that merely the presence of increased numbers of macrophages 
increases quantitatively the engulfment of particulate material and 
thus effectively aids the localization of such material after its inocu- 
lation. It is also possible that local hindrances to lymph flow may 
further prevent, to some extent, the dissemination of the particu- 
late material. 
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Experimental Procedures 

Our studies have been concerned with the cellular reactions of de- 
fense in the skin of normal guinea pigs and of others previously 
immunized by the intracutaneous injection of a staphylococcus vac- 
cine. More than loo different animals have been observed during 
the course of the investigation. A strain of staphylococcus aureus 
freshly isolated from a furuncle was used. For immunization, a 
twenty-four-hour growth on agar slants was suspended in i cc. of 
sterile 0.9 per cent salt solution and heated at 60° C for one hour. 
Two-tenths of a cubic centimeter of this vaccine was injected intra- 
dermally at daily intervals for ten days into the anterior abdominal 
wall of guinea pigs weighing from 200 to 300 grams, thus infiltrating 
an area of skin of approximately four square centimeters. The ani- 
mals were then allowed to rest for twenty-five days in order to permit 
the skin to return to approximately normal conditions in so far as 
external appearances were concerned. Then these animals, and nor- 
mal ones of the same size, were injected intradermally with 0.2 cc. of 
a living virulent culture of the organism, the growth from one agar 
slant again having been suspended in i cc. of sterile salt solution. 

At intervals the guinea pigs were anesthetized and the areas of 
inflammation were excised after attaching the peritoneal surface to a 
cork frame by means of bamboo pegs. The tissues, usually averaging 
from one to one and a half centimeters in width, were immediately 
fixed in formol-Zenker fluid and subsequently embedded in celloidin 
and sectioned at 10 microns. The sections were stained routinely 
with Maximow’s hematoxylin-eosin-azur II as well as with spedal 
stains such as Mallory’s connective tissue stain, Goldmann’s car- 
mine stain and Gram’s stain. 


Eppects op the Intradermal Injection op a Staphylococcus 

Vaccine upon the Skin 

Sections of skin taken twenty-five days subsequent to the ten in- 
tradermal inoculations of killed staphylococcus vaccine show the 
principal effect in the subreticular zone of the subcutis. Here there 
is an extremely marked increase in macrophages. In the looser areas 
many sizes and types of non-granular cells may be seen, varjdng from 
typical lymphocytes and monocytoid forms to typical macrophages. 
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percentage value was but 24.40, that is to say the nuclear volume 
was only one-fourth of that of the cytoplasm (Table III). 

Here again the infected cells with “early inclusions” exhibited 
greater variability than that seen in the cells with “late inclusions,” 
The mean value of the nucleocytoplasmic index in the beginning in- 


Table in 

Average Nttcleocyloplasmic Indices 



Number of 
cells 

Nucleocytoplasmic 

index 

Standard 

deviation 

Coefficient of 
variability 

Normal duct cells 

747 

32.13 



Normal cells in infected 
ducts 

597 

24.40 



Cells with early inclusion 
bodies 

ISO 

43.79 1 . 659 

12.30 ±1.173 

28.09 ± 2.680 

Cells with late inclusion 
bodies 

ISO 

50.16 =fc 1.500 

II. 12 ± 1.061 

22.17 ± 2,115 


fections proved to be 43.79 db 1.659; while at the later stage it was 
50.16 db 1.500, Although the difference of the mean values was 
nearly 7 per cent, the coefficient of variability was so high that the 
significance of the difference is problematical. The standard devia- 
tion was high in both cases. 

Evidently, therefore, the relation of the size of the nucleus to the 
size of the cell is, in infected cells, a more constant proportion than 
that of the nucleus to the cytoplasm. 


Table IV 

Average Inclusiojv-Nuclear Indices 



Number of 
cells 

Inclusion nuclear 
index 

Standard 

deviation 

Coefficient of 
variability 

Cells with early inclusion 
bodies 

ISO 

17.07 ± 0.396* 

7.19 ± 0.280 

41.88 ± 1.631 

Cells with late inclusion 
bodies 

ISO 

30.89 ± 0.362* 

6.58 ± 0.256 

21.16 ± 0.824 


* The difference of these two means is 13.82 =*= 0.537 therefore be regarded as significant. 
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General Results 

The inflammatory response to the living staphylococci was mark- 
edly difierent in the skins of the two groups of animals. In the nor- 
mal guinea pigs the intradermal inoculation led to a serosanguineous 
inflammation which spread as a diffuse cellulitis through the subcu- 
taneous tissues and frequently led to the death of the animal in from 
eighteen to twenty-four hours. In the previously immunized ones, 
however, the intradermal injection was followed by a localized small 
area of suppuration whicli tended to ulcerate and heal with no seri- 
ous consequences to the host. It is evident from these differences in 
the reactivity that the intradermal injections of the killed culture of 
staphylococcus led to an increased resistance of the skin to the later 
injection of the living virulent organisms. Examination of the tissues 
confirmed the above observations and in addition suggested an ex- 
planation for the increased resistance of the skin of the immunized 
animals. 

Efeects oe Intradermal Injections with Living Staphylo- 
coccus Aureus Suspension upon Normal Guinea Pigs 

The inflammatory response is well developed within six hours, as 
shown in Fig. sa. The principal finding in the skin of the normal 
animal at this stage is edema of the subcutis with separation of the 
coUagenic fibrils and a beginning infiltration of cells of inflamma- 
tion. Polymorphonuclear leucocytes comprise the vast majority of 
the incoming cells and these are actively phagocytosing the staphy- 
lococd as shown in Fig. 3. In spite of this fact, however, the 
staphylococci are diffusely spread along the subcuticular tissue in 
the form of a developing cellulitis. There is no evidence of any 
localizing tendency of the microorganisms, as shown in Fig. 10, nor 
are there evidences of injury to the bacteria, such as numerous swol- 
len or distorted forms or frequent Gram-negative cocci. The infec- 
tion is predominantly dispersive and generalizing. In the later 
stages, twelve, eighteen, and twenty-two hours, the picture is similar 
except for the greater infiltration of cells of inflammation, princi- 
pally polymorphonuclear leucocytes (Figs. 6a, 70. and 8a). In 
spite of the activity of the microphages in ingesting many staphylo- 
cocci, the infection progresses; in other words, the natural resistance 
is inadequate as a defensive mechanism. 
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Reactions in Skin Previously ImiuNizED by Intradermal 
Injections of a Killed Staphylococcus Vaccine 

The inflammatory response to the injection of 0.2 cc. of the same 
suspension of living staphylococci into the skins previously immun- 
ized is markedly difi'erent. As may be seen in Figs. 56, 6 b, 76 and 86 
the principal difference is one of degree. At the six-hour stage there 
is an enormous infiltration of cells of inflammation in the subcutis of 
the immunized skin, much more abundant than in the normal ani- 
mal at this stage. Furthermore, there is a qualitative difference in 
that there are many more lymphocytes and monocytoid cells pres- 
ent. These cells tend to become massed around a region of marked 
bacterial concentration and here there are m an y evidences of ne- 
crosis of the cells of inflammation, with accompanying hemorrhage 
and even thrombosis of the capillaries. Outside this area there are 
very few staphylococci to be seen; the infection is definitely localized 
and non-dispersive. A point of interest and probably of great im- 
portance is that in the area where the staphylococci are massed they 
are not present as individual organisms, but occur extracellularly 
in clumps and clusters, large and small, even in the six-hour stage. 
The appearance is that of agglutination in vivo (Figs, ii and 12). It 
is around these clumps of staphylococci that the infiltration of leu- 
cocytes is densest, with the microphages nearest to the bacteria con- 
taining large masses of microorganisms. Here also the macrophages 
contain countless numbers of cocci, as shown in Fig. 4. It is obvious 
that the infection is localized to the immediate vicinity of the site 
of inoculation and that the acquired resistance is adequate as a de- 
fensive mechanism. 


Discussion 

It is an interesting fact that Metschnikoff showed in 1884 that 
the principal difference in the reaction to the subcutaneous injection 
of virulent anthrax bacilli in normal rabbits, and in others previously 
immunized, lay in the greater degree of phagocytosis in the latter. 
He noted that within a few hours after the injection of the organ- 
isms into the normal animal there was an exudation rich in fluid and 
poor in leucocytes, in spite of the fact that the blood vessels in the 
vicinity were distended with blood and therefore could not be con- 
sidered as unable to bring the leucocytes to the infected area. In the 
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vaccinated rabbits, however, there was an exudate rich in leucocytes 
at the site of inoculation and these were actively phagocytosing the 
bacilli. Metschnikoff concluded that the essential difference de- 
pended upon the sensitiveness of the leucocytes which exhibited a 
negative chemotaxis in the- normal rabbit, but a marked positive 
chemotaxis in the immunized ones. 

The effects of the entrance of pathogenic bacteria into the skin 
will obviously depend upon their ability to gain a foothold, multiply 
and disseminate throughout the body. There is no doubt that micro- 
organisms vary in their ability to adapt themselves in the animal’s 
body, this probably being a property inherent in the microorganisms 
themselves. The growth energy of certain highly virulent strains 
may possibly be so pronounced at times that dissemination occurs 
before the body cells or fluids can mobilize to hinder this dissemi- 
nation. 

Under more usual conditions the abihty to adapt, multiply and 
disseminate is prevented by the defensive forces of the body. These 
may be both cellular and humoral. The early mobilization of phago- 
cytic cells at the site of bacterial infection may serve to restrain the 
rapid increase in numbers of bacteria and in most cases the rate of 
engulfment by the macrophages may exceed the rate of multiplica- 
tion of the bacteria. This, plus probable mechanical hindrances 
from the accumulation of fibrin and cells around the region of infec- 
tion, will effectually localize the latter. In any event, the infection 
is obviously localized and the dissemination of the microorganisms 
is prevented. 

In this localization of the bacteria at the site of inoculation the 
exact mechanism is still somewhat obscure. Are the organisms local- 
ized because of the intense infiltration of cells and fluids which me- 
chanically hinder the further spread of the bacteria in the sense of 
the allergic inflammation of tuberculosis as conceived by Krause, 
or are the organisms flrst localized by a mechanism of immunity and 
secondarily encapsulated because of the infiltration of cells of in- 
flammation? The work of Opie would suggest the latter explanation 
as better fitting the facts and our results indicate the same probabil- 
ity. For example, the demonstration in the immune guinea pig 
within six hours after the injection of distinct extracellular clump- 
ing of the staphylococci with an accompanying failure of dissemi- 
nation of the microorganisms strongly suggests a primary localiza- 
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tion of the bacteria through their reaction with antibody. Further- 
more, no such tendency at any stage was noticed in the normal 
animals so that it does not seem probable that the bacterial masses 
are colonies growing in the tissues. It is of course possible that the 
clumping of the bacteria in the immune animal may be due to me- 
chanical interferences with lymph Bow which, with the dense layer of 
macrophages surrounding them, may keep the staphylococci local- 
ized. This conception seems less probable, however, when one sees 
how easily the polymorphonuclear leucocytes infiltrate the area and 
surround the masses of bacteria. We suggest, rather, that there is 
an actual antigen-antibody reaction in the tissues; as a result of this 
reaction chemotactic substances are formed which quickly lead to a 
pronounced infiltration of cells of inflammation, which are both 
quantitatively and qualitatively different from those responding in 
the normal animal (anaphylactic inflammation). Added to this, 
also, is the evidence that phagocytosis by the histiocytes is more 
abundant quantitatively than in the normal animals, in addition to 
the greatly increased number of histiocytes available in the former. 
The experiments with India ink, described above, strongly suggest 
hat an increase in histiocytes alone tends to localize particulate 
materials, but whether this is the result of increased phagocytosis or 
of a mechanical barrier remains uncertain. In active infection, how- 
ever, it is probably the summation of all of these forces, specific as 
well as non-specific, that ensures an effective resistance against ex- 
tension of the infection. 

Additional support to the conception of the specific reaction is fur- 
nished by the experiments of Mudd, Lucke, McCutcheon and 
Strumia, which show the correlation between agglutination, co- 
hesiveness, opsonization and phagocytosis of bacteria. If such cor- 
relations also obtain within the body, the evidences of agglutination 
and phagocytosis in our experiments may furnish a further clue to 
the function of immune bodies. Agglutination of the staphylococci 
may have furthered the tendency to their localization near the site of 
inoculation; their coalescence into small masses may also have in- 
creased the defensive efficiency of the phagocytes, both leucocytes 
and macrophages, since more microorganisms per phagocyte may 
be ingested following chance contacts than if the organisms were 
single and dispersed. Furthermore, if the agglutinating tendency 
and increased cohesiveness have an opsonizing effect, phagocytosis 
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will be further increased. In this connection it is interesting to recall 
the earlier conceptions of Bull ” in his statement that “the degree of 
agglutination and opsonization of bacteria within the animal body is 
inversely parallel to the infectiousness of the bacteria for the host.” 

The relative importance of non-specific and specific agencies in 
localized tissue-immunity is difiicult to evalute. Certainly non- 
specific factors may be sufiicient to protect against many multiples 
of the lethal dose of an infectious agent, as was well shown in the 
experiments of Gay and his collaborators in the study of strepto- 
coccic empyema. Rivers and Tillett,’® and Mallory and Marble,^® 
found that the injection of plain meat infusion broth protected the 
skin of rabbits against later injections of streptococcus and staphy- 
lococcus. Miller also demonstrated a definitely increased resist- 
ance of the skin of guinea pigs to staphylococcus, and of rabbits to 
streptococcus infections following previous treatments with dress- 
ings saturated with bouillon and peptone water. In all of these 
experiments, however, the results do not prove that such non-spe- 
dfically increased resistance would have been adequate for larger 
infective doses of the microorganisms used, or that even better pro- 
tection might not have been secured by the aid of specific modes 
of treatment. 

The mechanism of the non-specificaUy increased resistance may be 
explained in at least two ways: first, in a local infiltration of leuco- 
cytes and bactericidal substances which may more effectively dispose 
of the infecting organisms later injected, or second, in a stimulation 
of the local fixed-tissue cells to increased functional activity. Evi- 
dence for the second possibility is suggested by Katsunuma and 
Sumi in their observation that when rabbits were injected subcu- 
taneously with a suspension of staphylococd on one side, and with a 
similar quantity of salt solution on the other side, followed a few 
hours later by an injection of an emulsion of staphylococd into both 
sides, the exudates collected showed much more active phagocytosis 
on the side previously injected with the staphylococd. 

The evidence is quite convincing, however, that non-spedfic fac- 
tors are not exdusively responsible for the increased resistance in 
localized tissue-immunity. For example. Gay and his assodates 
found in testing the protection of the pleural cavity to streptococcus 
infection that “the degree of protection acquired by the repeated 
administration of living streptococci subsequent to broth or aleu- 
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ronat preparation of the cavity is markedly increased over the pro- 
tection obtained by a single injection of the broth or aleuronat.” 
More recently Clark 22 has shown the importance of specific mecha- 
nisms in experiments concerning tissue-immunity to pneumococcus 
infections of the pleural cavity of rabbits. With this organism no 
protection was obtained following the injection into pleural cavities 
of substances which had previously been shown to protect com- 
pletely against infection with the streptococcus through the mobili- 
zation of macrophages. When the pneumococci, however, were 
treated with immune senun before being injected into the prepared 
pleural cavity, there was marked protection in cavities containing an 
exudate rich in mononuclear cells and with a pleural wall fortified 
by increased numbers of macrophages. These experiments clearly 
show the significance of specificity; the opsonization of the organ- 
isms is thus an important feature which favors increased phagocy- 
tosis by the macrophages. 

The specific factor in our experiments seems to be mainly an ag- 
glomerating force which we believe is true agglutination in vivo. 
Certainly the microorganisms occur in clumps in the immune skins 
and are not thus seen in the normal skins. It is possible that the 
increased number of macrophages present in the immunized skins 
interferes with lymph flow in a mechanical fashion and thus en- 
courages approximation of groups of cocci; experiments now in prog- 
ress may throw further light on this phase of the problem. If we 
assume that the agglomeration of the staphylococci is specific agglu- 
tination in vivo, we have concrete evidence of a fundamental im- 
munological role of such antibodies in aiding the local fixation of 
antigen in tissues. Opie’s experiments clearly prove this for pre- 
cipitins and he has shown that such precipitates are strongly 
chemotactic for polymorphonuclear leucocytes which probably de- 
stroy the injected antigen by intracellular digestion. We believe 
that this concept is of the utmost importance when applied to the 
fate of living antigen introduced into the tissues. In our experi- 
ments the facts are clear that the staphylococci disseminate dif- 
fusely throughout the subcutaneous tissues of the normal animals 
with no tendency to agglomerate or agglutinate. On the other hand, 
in the immune animals the tendency to agglomerate is noticed as 
early as six hours after injection of the microorganisms. Coinci- 
dently, there is a localization of the staphylococci near to the site of 
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inoculation, with a pronounced infiltration of cells of inflammation, 
both granulocytes and agranulocytes, around the bacteria. Local 
injury to this area occurs, but the animal itself is protected. In the 
words of Opie “vital organs are protected at the expense of local 
injury.” 

Summary and Conclusions 

This paper describes histopathological studies of the skin and sub- 
cutaneous tissues of the abdominal wall of normal guinea pigs and of 
ones previously immunized by intracutaneous injections of a staphy- 
lococcus vaccine, all infected by the intracutaneous injection of a 
live virulent culture of staphylococcus aureus. The inflammatory 
responses were markedly different in the two groups. In the normal 
animals the inflammation was characterized mainly by an infiltra- 
tion of pol3rmorphonuclear leucocytes which actively phagocytosed 
the microorganisms. In spite of this the staphylococci showed no 
tendency to localize, but disseminated throughout the subcutaneous 
tissues in the form of a cellulitis. 

In the previously immunized animals, however, the staphylococci 
tended to remain localized near the site of inoculation where they 
were seen agglomerated in bacterial masses of various sizes, pre- 
senting the picture of a genuine agglutination in vivo. Coincidently 
the infiltration of cells of inflammation led to further localization of 
the microorganisms so that only a localized area of necrosis resulted. 

The previous immunization by intracutaneous injections of the 
staphylococcus vaccine was followed by a marked thickening of the 
subreticular layer of the subcutis, due mainly to increased numbers 
of tissue macrophages having been either activated or produced. 
Evidence is presented that many of these are derived from agranu- 
locytes of the blood. These macrophages were actively phagocytic 
for the live staphylococci and furnished an effective barrier against 
extension of the infection. 

The immunity secured by the above procedures is predominantly 
cellular in type with the tissue-macrophages playing the dominant 
part, due to increased numbers and also probably to increased meta- 
bolic activity. In ad^tion, localization of the microorganisms by 
the action of agglutinating or opsonizing antibodies is suggested as 
of primary importance in preventing the dissemination of the infec- 
tious agent. The combination of humoral and cellular mechanisms 
ensures an adequate resistance against the bacterial invaders. 
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Fig. I. Drawing made at the level of the substage with the aid of the camera 
lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, showing the effects of intra- 
cutaneous injections of a staphylococcus vaccine upon the subcutis of a 
guinea pig. Note the types of agranulocytes, varying from typical lympho- 
cytes and monocytoid forms to typical macrophages. The tissue was ex- 
cised twenty-five days after the end of the period of immunization. Stained 
with hematoxylin-eosin-azur II. 

Fig. 2. Oil imm ersion drawing made at the level of the substage with the aid 
of the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, stained by 
Goldmann’s carmine method. This illustrates the mode of disposal of par- 
ticulate material by macrophages in the subcutis of the guinea pig after 
intracutaneous immunization by ten injections of staphylococcus vaccine. 
This animal was injected intradermally with 0.2 cc. of a 4 per cent suspen- 
sion of India ink in 0.85 per cent sodium chloride solution, and the skin 
excised twenty-four hours later. Note the active ingestion of ink particles 
by the macrophages and the absence of such ingestion by the lymphocytes, 
pol3Tnorphonuclear leucocytes and monocytoid cells. Note also the ad- 
herence of small particles to fibrils of collagen. 

Fig. 3. Oil immersion drawing, made at the level of the substage with the aid of 
the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, stained with 
hematoxylin-eosin-azur 11 . This drawing is from the subcutis of a normal 
guinea pig six hours subsequent to the intracutaneous injection of 0.2 cc. 
of a living virulent suspension of staphylococcus aureus. Note the active 
ingestion of staphylococci by the pol3Tnorphonuclear leucocytes, which cells 
are almost the only ones responding at this stage of the inflammation. 
Note also the diffuse distribution of these cells and of the microorganisms. 

Fig. 4. Oil immersion drawing, made at the level of the substage with the aid 
of the camera lucida, Leitz Oc. 4, Obj. 2 mm. apochromatic, from section 
stained with hematoxylin-eosin-azur II. From the subcutis of a guinea pig 
previously immunized intracutaneously by injections of staphylococcus 
vaccine, and infected intracutaneously with 0.2 cc. of a living virulent sus- 
pension of staphylococci. Tissue excised eighteen hours after the infection 
shows many macrophages actively phagocytosing staphylococci. The in- 
fection remained localized to the site of inoculation. 
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Inclusio7i-Niiclear Index: An index of the volumetric relation of 
the size of the inclusion to that of the nucleus was obtained by divid- 
ing the volume of the inclusion by that of the nucleus and multiply- 
ing the resulting figure by one hundred. It was found that cells with 
‘‘early inclusions” showed an index of but 17.07 ± 0.396 while in 
those with “mature inclusion bodies” the index was 30.89 ± 0.362, 
The difference here was of unquestionable significance. Again the 
cells with “early inclusion bodies” proved themselves to be more 
variable in this relation than their successors (see Table IV). 

Discussion 

These results are interesting from several points of view. The use 
of quantitative methods in which definite measurements are treated 
mathematically eliminates the personal equation in making observa- 
tions. Though laborious they bring to light celliilar changes which 
otherwise would remain undetected. For example, cells not contain- 
ing inclusions but situated near others which do, appear to be nor- 
mal, as judged by their tinctorial properties and mitochondria. Un- 
conscious comparison with the greatly hypertrophied inclusion-laden 
cells, by the observer, gives the distinct impression that they are 
smaller than usual (personal equation); but measurements show that 
on the contrary they are themselves slightly enlarged — a modifica- 
tion which probably might not have been noticed imless quantitative 
methods had been employed. We do not know what causes this 
change. The cells are not responding to the virus in the usual way, 
for this reaction is peculiarly selective involving isolated individual 
cells and not masses of them. The neighboring cells with inclusions, 
with which they were compared, themselves represent a response to 
the virus, probably of several days standing. It does not seem pos- 
sible that the infection, whatever it may be, passes from the greatly 
hypertrophied cells to those in the vicinity, for the surrounding cells 
do not show “early inclusions.” All cells with inclusions in an in- 
dividual duct seem to be in approximately the same stage of develop- 
ment, The chief difference between an infected duct and a non- 
infected one is that the former contains cells which have been injured 
as a result of their reaction to the virus. It is possible that these cells 
while still hving or even after death give off a substance, or sub- 
stances, which cause the slight hypertrophy of the neighboring cells 
which we have reported. 
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Fig. 5. Photomicrographs of sections through the skin and entire abdominal 
wall of (a) normal guinea pig and (l>) intracutancously immunized guinea 
pig. The tissues were excised six hours following the intracutaneous in- 
jection of 0.2 cc. of a living virulent suspension of staphylococci into each 
animal. In (a) there is slight edema of the subcutis with beginning infiltra- 
tion of cells of infiammation. In (h) note the increased thickness of the sub- 
cutis and the more intense infiltration of cells of infiammation. x 25. 

Fig. 6. Photomicrographs of sections through the skin and entire abdominal 
wall of two other guinea pigs treated as described in Fig. 5. The tissues 
were excised eleven to twelve hours following intracutaneous infec- 
tion. X 25. 

Fig. 7. Photomicrographs of sections through the skin and entire abdominal 
wall of two other guinea pigs treated as described in Fig. 5. The tissues 
were excised eighteen hours following intracutaneous infection, x 25. 

Fig. S. Photomicrographs of sections through the skin and entire abdominal 
wall of two other guinea pigs treated as described in Fig. 5. The tissues 
were excised twenty-two hours following intracutaneous infection, x 25. 

Note in all instances the more intense inflammatory response in the subcutis 

of the immunized animals. 
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Fig. 9. Photograph of celloidin-embedded tissues of the entire thickness of the 
abdominal wall from three guinea pigs, each having been injected intracu- 
taneouslj" twent.v-four hours before with 0.2 cc. of a 4 per cent suspension 
of India ink in 0.S5 per cent sodium chloride solution, (a) Normal, (b) 
Previously given ten intracutancous injections of sterile peptone broth, (c) 
Previously immunized b}" ten intracutaneous injections of the staphjdo- 
coccus vaccine, the last injection given eleven da\'s before. Note the dis- 
semination of the suspension of ink along the subcutis in Nos. 1 and 2 and 
the tendency to localization of the ink near the site of inoculation in No. 3. 

Fig. 10. Photomicrograph of the subcutis of a norma) guinea pig six hours fol- 
lowing the intracutancous injection of 0.2 cc. of a living virulent suspension 
of staphylococcus aureus. Note the dilTuse distribution of the microorgan- 
isms with the tendenc}' to spread along collagenic fibrils and to occur singly 
or in small clusters, x 1400. 

Fig. II. Photomicrograph of the subcutis of a previously intracutaneously im- 
munized guinea pig six hours following the intracutaneous injection of 
0.2 cc. of the same suspension of staph3dococci injected into the animal 
shown in Fig. 10. Note the greater tendenci' to concentration of the micro- 
organisms, with the occurrence of the staplwlococci cxtraccllularlj^ in co- 
alescing clumps and clusters. The appearance is strongly suggestive of 
agglutination in vivo, x 1400. 

Fig. 12. Photomicrograph of the subcutis of a guinea pig previousl}" immunized 
intracutaneously, twenty-two hours following the intracutaneous injection 
of 0.2 cc. of a living virulent suspension of staphylococcus aureus. Note 
the large masses of extracellular staphjdbcocci, in clusters large and small, 
suggesting agglutination in vivo. These masses were completely encircled 
by a dense accumulation of cells of inflammation, principally polymor- 
phonuclear leucocytes and macrophages. There was no tendency for the 
infection to disseminate beyond this area of microorganisms, x 1400. 
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beneath the ependyma, where it is possible that they represent a nor- 
mal reservoir of young microglia cells (Penfield^^). They are also 
seen in isolated scattered collections through the brain substance. 
Although it is impossible to demonstrate the presence of a parasite, 
it is equally impossible to say that these lesions are not either recent 
or healed lesions of parasitic origin. 

2. The parasitic disease described by Wright and Craighead,^® 
Levaditi et Twort and Archer, 2° Bender and McCartney,” 
The lesions of this disease consist of round cell infiltrations of the 
meninges, perivascular cuffs and collections of cells beside vessels, 
necrotic areas in which the parasite may be seen, and cysts contain- 
ing the “spores” of the organism. In the present series, lesions of 
these types were frequently met, but in only one brain (that of a rab- 
bit which died of an apparently typical herpetic encephahtis on the 
seventh day after inoculation) was it possible to demonstrate the 
parasite itself. 

3. Holes and spaces, occasionally with a small nucleus on their 
extreme edge, containing a hyaline material which stains with mu- 
cicarmine and with carbol fuchsin-formaldehyde. In the series under 
consideration, this picture occurred in two brains, one uninoculated, 
the other neurovaccinal. But in nearly all of them, spaces were seen 
which differed only in that they were empty. In brains fixed in for- 
malin, the above description holds exactly. In Zenker-fixed mate- 
rial, however, the holes were smaller and less regular, and what mu- 
coid staining there was was diffuse. This finding is included for the 
sake of completeness and because of its resemblance to the mucoid 
degeneration of Buscaino which has been discussed by many writers, 
including Ferraro,^® It was not correlated with any other changes, 
and in view of the action of formalin on cerebral lipoids (Weil the 
extent of its pathological significance is not clear. 

Material and Technique 

Neurovaccinia: The strain of vaccinia used was one derived from 
calf lymph and “ adapted” to the rabbit brain by Dr, Fei-fang Tang 
by testicular passage. I was enabled to use it through the kindness 
of Dr. Ward. 

Six “normal” rabbits were injected intracerebrally with 0.5 cc. of 
a 5 per cent triturate in saline or hormone broth of the brains of 
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The purpose of this investigation was to make an attempt to com- 
pare the histological picture of neurovaccinal meningo-encephalitis 
in rabbits with that produced by the herpes virus, making allowance 
for the many apparently pathological changes which are found in the 
brains of uninoculated laboratory rabbits. 

Levaditi, Harvier and Nicolau ^ in 1922, and more recently Turn- 
bull and McIntosh,^’ ^ have published accounts of the histology of 
the neurovaccinal disease in which they agree that the major patho- 
logical changes are found in the meninges. Levaditi and Nicolau * 
describe a mononuclear infiltration of the pia, preceded in the first 
two days after inoculation by a polymorphonuclear infiltration. 
They describe the meningeal vessels as surrounded by mononuclear 
cuffs, the condition being very marked in the septa. According to 
them, the initial lesion is a true vaccinal pustule in the dura mater. 
No account of inclusion bodies in neurovaccinal encephalitis has 
been found. 

DaFano ® in 1923 described the general picture of herpetic men- 
ingo-encephalitis in rabbits with great thoroughness, but he did not 
then give a very clear account of the intranuclear inclusions. These 
had been noted by several workers, Levaditi et ® Luger and 
Lauda, ® and especially Lipschutz.®’ Further studies on this 
subject have been made by Goodpasture,^®’ and by Cowdry,^® 
and a summary of the work up to 1928 is given in Rivers’ “Filterable 
Viruses” by Cowdry.^® 

The variety of apparently pathological lesions which are seen in 
the brains of “normal” uninoculated laboratory rabbits is notorious. 
They may be classified roughly as follows: 

I. Round cell infiltrations unassodated with any inflammatory 
or necrotic changes or with any demonstrable parasite. These occur 

* Received for publication May i6, 1930. 
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Giemsa, Mallory’s phosphotungstic acid hematoxylin and Mayer’s 
mucicarmine, and with carbol fuchsin one-fourth strength decolor- 
ized with strong formalin (see Wright and Craighead Most of 
the sections were also stained with Weigert’s fibrin stain, in search 
of organisms. 

Frozen sections, 15 microns thick, from the brains that were fixed 
in formalin were stained by Spielmeyer’s iron hematoxylin method 
to show changes in the myelin sheaths. 

Macroscopic Changes 

The degree of vascular engorgement of the meninges differed more 
between the different brains of one disease than between the two 
diseases in general. In three of the brains small hemorrhagic lesions 
were visible at the site of injection. 

Microscopic Examination 

The Meninges: In both diseases a marked meningitis was present 
in all cases, extending over any part of the brain and cord, and in 
the pial infoldings and septa. A perivascular arrangement of the 
cellular elements was often evident, but the greater part of the infil- 
tration was spread diffusely through the pia-arachnoid. 

Vasodilatation and hemorrhage were marked over the cerebellum. 
In three such hemorrhages (two vaccinia and one herpes) which had 
broken into the cerebeUum, reaching the granular layer, there were 
masses of tissue containing all the elements of bone marrow (blood 
cells of all kinds, eosinophiles, large vacuolated fat cells, giant cells 
and many mitoses). 

In 50 per cent of the vaccinia cases there were patches of nuclear 
degeneration scattered through the meninges, recalling Levaditi s 
statement that a true vaccinal pustule forms. THs finding occurred 
rarely in the herpetic brains. 

The relative amounts of fibrinous exudate and cellular reaction 
varied in different brains, and in different parts of the same brain. 
The predominant ceU was a small round cell, probably a lympho- 
cyte In all cases, but in the vaccinal much more than in the her- 
netic there were large numbers of polymorphonuclear ceUs with 
eosinophihc granules. Occasional plasma cells were seen, but there 
were not nearly so many as in more chronic cases of herpes. 
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rabbits that had died of the disease. Injections were made under 
light ether anesthesia, the skin and bone over the frontal lobe being 
pierced with a heated iron point, and the injection being made 
directly into the brain. In order to avoid mechanical injury to the 
brain, two other rabbits received similar injections into the cy sterna 
magna, between the atlas vertebra and the occiput. 

The typical course of the disease was as follows: The temperature 
rose on the second or third day to between 104° F and 106° F, falling 
rapidly to below normal shortly before death. The animals became 
weak and thin, and sometimes tremulous. No fits or definite paraly- 
ses were observed, except in one of the cysterna rabbits which de- 
veloped a flaccid paralysis of the right fore limb immediately after 
the operation. Shortly before death most of the animals developed 
head retraction; they died with the head drawn right back and the 
back arched by a vigorous contraction of the spinal muscles, thus 
calling to mind the basal meningitis of man. 

Death occurred on the third day in two rabbits, and on the fourth 
day in the other four rabbits. From time to time the brains of con- 
trol rabbits that had received similar injections were ground up and 
injected intradermally into the shaved skin of other rabbits. Typi- 
cal skin lesions were produced with dilutions of i : 1000 of the 5 per 
cent suspension. 

Herpes: Brains of four rabbits treated as above, but with her- 
petic material, were examined. Of these, two died on the fourth day, 
one on the fifth and one on the seventh. All four showed the classi- 
cal symptoms of herpetic encephalitis: salivation, teeth grinding, 
hyperexcitability and epileptiform fits, etc., — a condition which 
contrasts strongly with the neurovaccinal disease, in which the 
meningitic side of the picture predominates. 

Brains were removed immediately after death, except in one in- 
stance, when the rabbit died in the night. Animals which were 
obviously moribund (i. e., with head retraction, subnormal tempera- 
ture, etc.), were etherized. 

After removal, brains and cords were placed immediately in Zen- 
ker’s fluid (with acetic acid) or in isotonic formol saline (10 per cent 
formaldehyde, neutralized with MgO). After one or two hours of 
preliminary hardening, they were cut in slices and returned to the 
fixative. Transverse paraffin sections from an average of seven 
planes were examined. All were stained with hematoxylin and eosin. 
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At the beginning of the reaction to the virus the duct cells are 
unquestionably alive and engaged in the transport of fluids. It is 
difficult to explain why some respond and develop intranuclear inclu- 
sions while the vast majority do not. The cells affected are not par- 
tidflarly young, for mitotic figures are found only with the greatest 
difficulty, in fact only one dividing cell was seen in several hundred 
glands examined. This instance was in a normal secretory duct of a 
gland from a guinea pig aged three weeks. Another factor which is 
said to promote cellular response to virus action is mechanical injury, 
but there is no evidence that such has occurred. From the physio- 
logical point of view there are no observations which would indicate 
that neighboring cells in the ducts may be normally in distinctly dif- 
ferent metabolic states. Y et, as we have stated, some cells respond 
and others do not. It can hardly be a case of the avenue of approach 
of the virus, which would appear in many instances at least to be by 
the blood stream, because contiguous cells are evidently supplied 
approximately equally. 

When this barrier against virus action which is effective for most 
of the duct cells is broken down, the cells apparently invariably suc- 
cumb. There are no indications that affected cells ever recover. 
They pass through a series of changes which we have studied quan- 
titatively and qualitatively. In the hypertrophy which takes place 
the nucleus at first leads the cytoplasm. Thus, in cells with “ early 
inclusions” the volume of the nucleus has increased 75 per cent and 
that of the cytoplasm only a little over 30 per cent. 

The appearance of cytoplasmic inclusions, which have been noted 
by several workers ® but have not as yet been studied in detail, 
marks an alteration in these volumetric relations. From this point 
onward, the enlargement of the cytoplasm is of much the same order 
as that of the nucleus. The progressive change is consequently more 
marked in the nucleocytoplasmic index than in the nuclear cell index. 
Before the h3q)ertrophy of nucleus and cytoplasm reach their 
maxima (about 700 and 2 100 cubic microns, respectively) the cells 
are probably dead — a conclusion which seems justified, on cyto- 
lo^cal grounds, by the following observations: 

In cells only moderately enlarged (100-200 per cent) the cytoplasm when 
stained by Giemsa’s method is distinctly basophilic in contrast to its strong 
afi&nity for eosin in the normal secretory duct cells, which points to a swing of the 
reaction toward the acid side. The mitochondria disappear in accordance with 
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In both diseases there were many larger cells with pale, round or 
oval nuclei, which from their frequent relation to blood vessels were 
probably of endothelial origin. In both diseases there were similar 
patches of submeningeal infiltration with round cells, the meningitic 
process extending into these areas in the form of perivascular 
cuffs, and the cytoplasmic processes of glia cells staining with 
basic dyes. 

In brief, the herpetic meningitis resembles that of neurovaccinia 
in its essential mononuclear cytology and in its distribution, but it 
is consistently less severe, the meningeal vessels are not so much di- 
lated, and there are fewer polymorphonuclear cells. Moreover, in the 
herpetic brains, inclusion bodies may be seen in all types of cells ex- 
cept polymorphonuclears, but they were never seen in the vaccinal 
cases. 

Blood Vessels: Vasodilatation was more marked in both meninges 
and brain substance in the neurovaccinal cases than in the herpetic. 
In the vaccinal brains an occasional moderate dilatation was seen in 
such places as the cortex, the base of the midbrain, the corpora quad- 
rigemina and the thalamus. In the cortex, the smallest vessels were 
the most affected and often contained eosinophilic leucocytes. 

Cuffs were seen in all the herpetic brains, and in all except one of 
the vaccinal. They were more plentiful in the herpetic. They may 
be divided into two classes: 

fi) Submeningeal, i.e., on vessels running in from patches of in- 
filtrated meninges. In “normal” control rabbits the straight vessels 
perpendicular to the surface are plentifully supplied with nuclei, 
some endothelial, some of the small round cells. This was a constant 
fiinding in the diseased brains, but it was often possible to say defi- 
nitely that the numbers of both types of cell were increased. Nuclear 
degeneration (pyknosis) and eosinophiles were not uncommon in the 
walls of these vessels, with or without a definite increase in the 
number of cellular elements. These cuffs probably represent direct 
spread of the meningitic process along the Virchow-Robin space. 

(2) Isolated cuffs were seen in various parts of the brain, well re- 
moved from the meninges, but it was foimd impossible to differen- 
tiate between such cuffs when they are due to the virus activity, and 
when they are an expression of spontaneous disease. They were par- 
ticularly numerous in the one herpetic brain in which the parasite of 
the spontaneous encephalitis was found. 
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These scattered cuffs fall roughly into two subdivisions, those that 
surround the vessel completely, and those that lie to one side of it. 
The latter kind were rather more common in the vaccinal brains, but 
both occur in uninoculated brains, including those of four rabbits 
fourteen days old, which had shown no symptoms of disease during 
life. In the vaccinal brains small perivascular hemorrhages and oc- 
casional perivascular deposits of hyaline fibrinous material suggest a 
scattered local damage to the walls of the small vessels, an observa- 
tion which may have significance in view of McIntosh and Scarff’s 
statement that in generalized vaccinia, the lesions are essentially 
in the vascular endothelium. 

Areas of perivascular softening, such as are described in various 
human encephalitides, were not determined. 

Pigment: Pigment was noted in only one brain, in the pia mater. 

Edema: Empty spaces around cells and vessels, and in the fiber 
tracts were common in all brains. 

Local Lesions: Injection lesions take the form of areas of hemor- 
rhagic necrosis, containing mononuclear cells and surrounded by 
diffuse infiltration with eosinophiles and glia cells. In the vaccinal 
brains no particular changes were noted in the neurones near these 
lesions, but it is true that in the six ''intracerebral” brains what 
neuronic change there was lay further forward in the brain than it 
did in the two "cysterna” brains. In the herpes brains neighboring 
changes in the neurones were more marked, and inclusion bodies 
were commonly found. 

Focal collections of cells, whether round cells or glia, occurred in 
brains of both series, but as similar collections with or without signs 
of necrosis occurred in five uninoculated control rabbits, no special 
significance can be attached to them. One such lesion in one of the 
herpetic brains was accompanied by many inclusion bodies, but this 
fact alone is not sufficient to prove that the whole lesion was her- 
petic in origin. 

In one vaccinia brain there was a large hemorrhage into the third 
ventricle, and in another into the external capsule, but both of these 
were probably caused by the injection injury. 

Changes in Nerve Cells: There was considerable variation in the 
amount of change in different brains, but in most of them there was 
a slight degree of all the changes mentioned below. The herpetic 
brains showed more change than did the neurovaccinal. 
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In some of the brains neurone damage was scattered throughout 
the brain, isolated cells being affected, but in others there were areas 
in which many of the ceUs present suffered. Such areas also showed 
vasodilatation and glial increase. 

Unhke the pathological changes in the glia, neuronic changes do 
not necessarily underlie areas of intense meningitis, nor can their 
presence or distribution be correlated with the injection injury, save 
in the broadest way. Changes, other than inclusions, noted in the 
neurones were: 

Nuclear swelling, which was the commonest. It was particularly 
prominent in the herpes brains. 

Chromatolysis, in all stages, from peripheral condensation of dark 
Nissl granules to their total disappearance. 

Neuronophagia, the neurone being in var3dng stages of disinte- 
gration, with the glia nuclei inextricably mixed in its substance. 
This type of degeneration was rare, but it did occur; Levaditi com- 
ments on its absence in neurovaccinia in rabbits. It is not possible 
to say that its presence in such animals in this series was not due 
to one of the spontaneous changes already referred to. 

Pseudoneuronophagia, which, as Da Fano and Ingleby recall, 
may be distinguished from the true variety by the state of the neu- 
rone and the presence of an intact boundary between it and the glia 
cells. 

Satellitosis, an increase in the number of satellite cells; an unreli- 
able sign. 

Eosinophilic Degeneration: The remmns of degenerated neurones 
stain red with eosin. They may be isolated or surrounded by phag- 
ocytic microglia. Some nuclei stain, in whole or in part, a purple- 
red with dyes containing eosin. Their cytoplasm is sometimes 
shrunken or overstained with methylene blue. This condition is ob- 
served in most of the brains and in uninoculrfted controls. It is to be 
distinguished from the oxychromatic degeneration of Luger and 
Lauda,^^ which they describe as the first stage in the formation of 
herpetic inclusion bodies. The distinction is easily made, for in the 
Luger and Lauda type, the ground substance of the nucleus stains a 
deeper pink and has a ground-glass appearance, the chromatin is ex- 
aggerated and arranged peripherally, and the cytoplasm is unaf- 
fected. Both types are found in the herpetic brains. 
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Vacuolaiion: Neurones with vacuolated cytoplasm are found 
mainly in those areas that are badly affected with neuronophagia, 
etc. 

In summarizing these neuronic changes, emphasis must be laid 
on their infrequent occurrence in the vaccinal brains. The vast 
majority of the neurones in any one brain show no abnormality. 

Inclusion Bodies: These constitute the one distinctive feature of 
the herpetic disease. No inclusion bodies, either intranuclear or cy- 
toplasmic, were seen in any of the vaccinal brains, nor has reference 
to them been found in the literature. In the herpetic brains they 
occurred every time. Their appearance coincided with the descrip- 
tions of them given by other observers. They were frequently mul- 
tiple and often accompanied by a fine eosinophilic dust, not unlike 
that seen in the nuclei of neurones in other conditions; but the 
“myelin-like” bodies described by Goodpasture^® were not seen, 
even though the brains were injected with Zenker’s fluid via the 
carotids while the animal still lived under the anesthetic. 

Inclusion bodies were found with considerable constancy in the 
Ammon hom, where they were accompanied by both types of oxy- 
chromatic change and an irregular proliferation of glia cells. 

Neuroglia: The most marked proliferation of glia occurred beneath 
the worst patches of meningitis. In these places it was common for 
the cytoplasmic processes of the cells to stain with methylene blue. 
In the fiber tracts there was occasional evidence of oligodendroglia 
proliferation, but this was also seen in some of the uninoculated rab- 
bits. Areas in which there was marked neuronic change also showed 
some glial increase. Occasionally a glia cell with a small shrunken 
nucleus and vacuolated cytoplasm, giving an appearance similar to 
that described by Penfield and Cone as acute swelling of oligoden- 
droglia, was encountered, but the condition was not common. 

In the herpetic brains inclusion bodies were not uncommonly seen 
in glial nuclei. Collections of glia cells into unrelated clumps, with or 
without signs of necrosis, and subependymal gliosis have already 
been referred to in connection with the spontaneous lesions. It is 
difficult to assign any specific meaning to them. Gitterzellen were 
observed in two brains, in each case just below the acutely inflamed 
meninges. In material fixed in Zenker’s fluid, the vacuoles stained 
pink and were larger; in formalin sections they were smaller and 
colorless when stained with Giemsa. 
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Changes in the Myelin Sheaths: Demyelination not unlike that 
occurring in multiple sclerosis has been noted by Turnbull and 
McIntosh ^ in postvaccinal encephalitis in man, by McIntosh ® in 
encephalitis following smallpox, and by Perdrau^® in chronic enceph- 
alomyelitis in dogs. In these neurovacdnia and herpetic brains a 
search was made for similar changes by cutting thick frozen sections 
of formalin-fixed material and staining with Spielmeyer’s iron hema- 
toxylin method.®® 

No extensive perivascular, or other destruction of the myelin 
sheaths at all comparable to that described by the above workers, 
was found in these acute brains, but scattered diffusely through all 
the inoculated brains examined were areas in which some of the 
sheaths were ballooned in a curious and irregular manner. In the 
majority of the brains these changes were very slight and rare. 

Other appearances encountered in these brains as well as in those 
of the uninoculated controls were small lateral buds on otherwise 
normal sheaths, an appearance of beading caused by local kinks and 
bends, occasional small regular dilatations containing small, highly 
refractile granules, and a few very thin fibers which stained a uni- 
form black. 


Discussion 

The findings in this series do not readily lend themselves to any 
useful generalizations on the pathology of the two diseases studied. 
The one cardinal point of difference between herpetic meningo- 
encephalitis and the vacdnal disease is the occurrence of intranu- 
clear inclusion bodies. 

Both clinically and histologically the meningitic side of the pic- 
ture is emphasized in the vaccinal disease, but though greater in 
extent, it is essentially the same in cytology and distribution as in 
that of herpes. 

Other lesions, perivascular cuffs, scattered neuronic and ghal 
changes, and the mucoid degeneration described, cannot be differen- 
tiated from similar lesions of “spontaneous” nature; from this series 
it is not possible to state that any of them are due to the herpetic or 
vaccinal viruses alone. 

The changes in the myelin sheaths are rare and inconstant, and of 
obscure significance. 
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The chronological sequence of events, as judged from these brains 
and from those of rabbits killed in earlier stages of the two diseases is 
roughly as follows: The first meningitic change is an infiltration with 
polymorphonuclear leucocytes, accompanied by some fibrinous exu- 
dation. By the fourth day, at which time most of the neurovaccinal 
animals die, the mononuclear invasion is at its height, but polynu- 
clear cells are still present in considerable numbers. By the sixth 
day, which represents the time of death of most of the herpetic ani- 
mals, polynuclears are scarce. Plasma cells are seen occasionally on 
the third and fourth day, but they become more common at a later 
date, especially in “chronic ’’herpes cases, which live to the eleventh 
or twelfth day. Perivascular cuffs appear early in both diseases, but 
their origin may be independent of either virus. 


Summary 

1. The histological findings in six neurovaccinal and four herpetic 
brains are described. 

2. Intranuclear inclusion bodies are found to be the only sure 
distinctive feature of the herpetic disease. In other respects the two 
diseases are essentially similar. 

3. In neurovaccinia, the meningitis is the most conspicuous find- 
ing, both dinicaUy and histologically. 

4. Various spontaneous lesions in the brains of uninoculated lab- 
oratory rabbits are discussed. 

5. Myelin sheath changes are described in the brains of herpetic 
and vaccinal animals, but perivascular demyelination of the kind 
characteristic of postvaccinal encephalitis in man was not seen. It is 
possible that the duration of the disease is a factor in the develop- 
ment of such a condition. 

Since preparing this paper for publication, valuable articles on the 
histology of neurovaccinal encephalitis in monkeys and rabbits by 
Hurst and Fairbrother and by McIntosh and Scarff, have appeared 
in the Journal of Pathology and Bacteriology (i 93 o> 33 > 463 ^.nd 483), 
These papers are in agreement on the cardinal points of histology, 
such as the absence of inclusion bodies and the accentuation of 
the meningitis. In neurovaccinia, McIntosh and Scarff emphasize 
the r 61 e of the vascular endothelium; this is undoubtedly damaged 
in the smaUer vessels and there are occasional evidences of its pro- 
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liferation, but from the preparations in this investigation the im- 
pression is derived that this feature of the disease is subsidiary to the 
general inflammation, and, moreover, it seems to be just as much a 
feature of herpetic encephalitis as it is of neurovaccinal. 

I wish to thank Dr. Hans Zinsser and Dr. Hugh K. Ward for 
constant advice and help, Dr. Raymond Morrison for help with 
many questions of neuropathological import and assistance in stain- 
ing technique, and Mr. C. V. Seastone, Jr., for the care he has 
taken with the photomicrographs. 
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Plate 143 

Fig.i. Neurovaccinal meningitis in one of the pial septa, showing perivascular 
arrangement of the mononuclear cells. Formalin fixation. Hematoxylin 
and eosin stain. x 125. 

Fig. 2. Extension of vaccinal meningitis along Virchow-Robin space. Formalin 
fixation. Hematoxylin and eosin stain, x 125. 

Fig. 3. Portion of Fig. i. x 600. 

Fig. 4. Herpetic meningitis. Zenker’s fixative. Giemsa stain, x 125. 
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Plate 144 


Fig. 5. Submeningeal gliosis in neurovaccinal brain. The cytoplasm of the glia 
cells has stained. Formalin fixation. Giemsa stain, x 600. 

Fig. 6. “Mucoid” change in a vaccinal brain. Formalin fixation. Mallory’s 
phosphotungstic acid hematoxylin and Maj^er’s mucicarmine stain. (The 
gray, homogeneous areas stained a bright pink.) x 600. 

Fig. .7. Neurovaccinia. Vacuolated neurones. Formalin fixation. Giemsa 
stain. X 600. 

Fig. 8. Ballooning of myelin sheaths. Spielmeyer’s iron hematoxylin method. 
X 1250. 

Fig. 9. Ballooning of myelin sheaths, x 600. 
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their almost universal behavior in dead cells. The cytoplasmic inclusions, which 
will be made the subject of a separate paper, persist. Marked changes occur in 
the nuclei. The chromatin is greatly reduced in amoimt and is marginated on the 
the inner surface of the nuclear membrane. Thymonucleic acid is reduced to a 
mim’Trmm . Only the nucleolus remains. The hypertrophied cells contain much 
more potassium both actually and relatively, a fact which seems to indicate that 
there is a relaxation in the selective properties of the cell membrane. But this 
breaking up of the internal mechanism which we are accustomed to associate with 
life is arrested at a certain point. The nuclear membrane, though modified, in- 
variably persists, and it is always easy to distinguish between nucleus and cyto- 
plasm. Yet the cells do not present the usual features of necrosis. They are in 
some respects like cysts containing much fluid, though the ceU membranes are 
not thickened nor are they folded, but are kept taut, presvunably by internal 
pressure. 

It is interesting that the forces which condition the regular course 
of cellular hypertrophy seem to operate without break over the 
period of the supposed death of the cells, for the enlargement con- 
tinues up to the maximum point with but slight alteration in the 
nuclear cell index. The cells showing the greatest increase in volume 
maintain a nuclear ceU index within the range of gratuitous varia- 
bility. The absence of extremely large cells from the series makes it 
clear that there is an end-point in the size increase not far from the 
mean volume of 2111 cubic microns. 

The final result of the hypertrophy does not appear to be the rup- 
ture of the ceU and the removal of the debris through phagocytic 
action (or the mechanical effect of the secretory flow) neither is the 
ceU usuaUy swept away in the stream of secretion. On the contrary 
the affected ceUs are remarkably resistant and persist see min gly im- 
modified for long periods — perhaps even throughout the hfe of the 
animal. Leucocytic infiltration is conspicuous by its absence except 
when the virus is injected directly into the gland. Not only do 
the ceUs withstand disintegrating forces in situ, but, in contrast to 
dead epidermal ceUs containing various types of inclusion bodies, 
they practicaUy never desquamate except in rare cases in the mu- 
cous portion of the gland. This failure to desquamate in the serous 
part, which is the one almost always affected, is the more surprising 
because the activity of the adjoining ceUs, osciUations in hydrostatic 
values and the passage of fluids are factors which one would expect 
to favor the removal of cells which like these project far into the 
ducts. 

The reason why the inclusions produced in duct cells by the sub- 
maxillary virus are larger than any other specific intranuclear inclu- 
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Fig. 10. Nodular cuff. Vaccinal brain, x 600. 

Fig. II. Lesion containing the parasite of spontaneous encephalitis. Formalin 
fixation. Carbol fuchsin and methylene blue stain, x 125. 

Fig. 12. Perivascular lesion in 14 daj’^-old “normal” rabbit. Zenker’s fixative. 
Giemsa stain, x 600. 

Fig. 13. Parasite of spontaneous encephalitis. Carbol fuchsin stain, x 1250. 
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sions in mammals — a fact to which we called attention in the intro- 
duction — is not necessarily that the virus acts in any way radically 
divergent from other viruses though its affinities are of course dif- 
ferent, It is rather we think a matter of the kind of cell attacked and 
its relation to the passage of fluids, for we find that on intracerebral 
inoculation of the same virus into guinea pigs the nuclear inclusions 
are not of imusual size, nor do the affected cells undergo anything 
like a corresponding hypertrophy. 

On the exact relation of virus to inclusion body we do not wish to 
commit ourselves. It may be that the virus is present in the inclusion 
as the findings of Woodruff and Goodpasture would seem to indi- 
cate for fowl-pox; but again we have no evidence. Certainly the 
bond existing between the submaxillary virus and the affected cells 
woifid seem to be one of xmusual strength. It is indeed unlik ely that 
any other cells of the body are at regular intervals throughout the 
life of the animal more thoroughly washed with fluids of low salt 
content. Their sides and distal surfaces are bathed in water, which 
on entering the Imnina of the ducts is thought to decrease the viscos- 
ity of the secretion, which itself by constant passage would tend 
likewise to dislodge any virus adherent to the proximal ends of the 
cells. 


Summary 

The volume of infected duct cells is greater by 300 per cent 
than that of the same type of normal imaffected cells. Nuclear 
volume is increased more than 400 per cent by the presence of the 
inclusion body. The nuclear cell index is increased from 24.27 to 
33.07 during the course of cellular hypertrophy, while the nucleo- 
cytoplasmic index is raised from 32.13 to 50.16. The inclusion- 
nuclear index is practically doubled by the time the cell has reached 
its stage of maximum hypertrophy. 
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DESCRIPTION OF PLATE 


Plate 17 

Figure i is a photograph of wax models of two cells with late inclusions, each 
with its nucleus and inclusion body which illustrate their general shape. 
Each model was built from camera lucida tracings on wax plates of appro- 
priate thickness for a magnification of 1500^. The sections from which 
the cells were drawn were cut at four microns and stained by Giemsa’s 
method. Under these circumstances each cell could be identified in from 
six to eight sections, i. Intranuclear inclusion of cell number i. 2. Nucleus 
of cell number I. 3. Cell number i. 4. Intranuclear inclusion of cell num- 
ber 2. 5. Nucleus of cell munber 2. 6. Cell number 2. 
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Submaxillarj’ Virus of Guinea Pigs 
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EABINOVITCH 


The first four animals in the series which were killed with chloro- 
form immediately following the last feeding of the iodide served as 
controls. In each case both lobes of the thyroid were cut in serial 
sections and studied in the manner previously described by us. 


Table I 

Number of MHoses 


Irani ediately following 
last KI feeding 

One day 

Two days 

1 

Three days 

1 

Seven days 

Fourteen 

days 

Twenty- 
one days 

Thirty 

days 

4350 

2144 

820 

1 

200 

100 

i 

0 

0 

0 

1 

3120 


•• 

456 

120 

0 


•• 

18,60 


•• 

320 





3250 

. . 

. . 

. . 


. • 

1 . » 

• • 

Average 314s 

2144 

820 

325 

no 

0 

0 

0 


Number of Mitoses in the Entire Gland at 
Different Periods 

In Table I we find the individual as well as the average number of 
mitoses that have been found in the entire thyroid gland of the dif- 
ferent animals at the various periods. It will be noted that the num- 
ber of mitoses in the glands of animals killed immediately after the 
last iodide feeding is as usual high, averaging 3145 mitoses: this num- 
ber is in agreement with figures previously obtained under similar 
experimental conditions. The animal in which the thyroid was re- 
moved one day following the last feeding of the iodide still continues 
to show a considerable proliferation of the acinar epithelium as indi- 
cated by the large number of mitoses (2144), a figure which is only 
slightly below the average. Two days after cessation of KI adminis- 
tration the munber of mitoses in the thyroid gland shows a consider- 
able reduction, as indicated by the figure 820 as compared with 3145 
in the controls. Three days after cessation of feeding of KI the mun- 
ber of mitoses is still slightly above the average foimd in normal 
animals. At seven days it has reached about the normal count or is 
slightly below the latter, while at stiU later periods, namely fourteen, 
twenty-one, and thirty days, the mitotic activity of the epithelium 
is reduced to zero. It is evident therefore that the efiect of KI in 















CHANGES IN THE THYROID GLAND OF THE GUINEA PIG 
FOLLOWING A PERIOD OF ADMINISTRATION OF 
POTASSIUM IODIDE* 

Jacob Rabinovitch 

{From the Department of Pathology, Washington University School of Medicine, 

St. Louis, Mo) 


In previous communications ^ reported from this laboratory it 
has been shown that the oral administration of potassium iodide to 
normal guinea pigs produces certain characteristic changes in the 
histology of the thyroid of these animals. These changes are uni- 
form and consist for the most part in a marked mitotic proliferation 
of the acinar epithelium as well as in a slight increase in size of the 
epithelial cells and a slight softening of the colloid; at the same time 
the number of phagocytes invading the colloid increases greatly. 
Such changes were produced in the thyroid of guinea pigs that were 
fed daily with from o.oi to o.i gm. KI for a period of two to three 
weeks, and in which the thyroids were removed from the animals 
immediately following the last feeding of the iodide. 

It was suggested by Dr. Leo Loeb that it would be of interest to 
determine the length of time necessary for the thyroid to return to 
its normal state following the cessation of the administration of KI 
and to investigate the changes which take place in this organ during 
this period. The following experiments were therefore carried out. 

Fifteen male guinea pigs weighing on the average 400 gm. were fed 
daily with o.i gm. KI for a period of fifteen days. The animals were 
killed and the thyroid removed for exanoination at different interv^als 
following the last feeding of the iodide according to the following 
order: 

1. Immediately following the last feeding of iodide — four animals. 

2. One day later — one animal. 

3. Two days later — one animal. 

4. Three days later — three animals. 

S- Seven days later — two animals. 

6. Fourteen days later — two animals. 

7. Twenty-one days later — one an im al. 

8. Thirty days later — one animal. 

* Received for publication July 2, 1929. 
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two following its last administration. While the number of mitoses 
in the thyroid is very high immediately following the last dose of KI, 
this number approaches the normal count within three to seven days 
later and seems to be reduced to a point below the normal fourteen 
to thirty days later. Similarly, the other histological changes in the 
thyroid are most marked in glands that have been removed imme- 
diately after the last iodide feeding, and the picture gradually re- 
turns to that of a normal gland as more time is allowed to elapse be- 
tween the last iodide feeding and the removal of the thyroid gland. 
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increasing the rate of cell proliferation in the thyroid epithelium 
rapidly declines after cessation of KI administration. It cannot be 
prolonged beyond two or three days following the last administra- 
tion of this substance, or, in other words, the stimulus to cell division 
produced as a result of KI feeding is effective only when the latter is 
fed to the animal, but after cessation of the administration of iodide 
cell proliferation ceases. There is in addition an indication that fol- 
lowing the period of stimulation a phase sets in, in which the mitotic 
activity of the gland is below that of the normal thyroid. 

Microscopic Study: In the control series, i. e., in animals in which 
the thyroids were removed immediately following the last iodide 
feeding, the gland showed the characteristic histological changes that 
have already been described on previous occasions and have been 
attributed to KI effects. To recapitulate these changes briefly, they 
consisted in some softening of the colloid and a marked infiltration of 
the colloid by phagocytic cells. The epithehum was found to be 
slightly increased in size. In the case of the animal killed one day 
following the last iodide treatment, the epithelium was still relatively 
high, but the colloid was somewhat harder and the phagocytes less 
numerous than in our control cases. The animal examined after two 
days showed a very similar picture to that found after one day. In 
the thyroid removed after three days the colloid exhibited a still 
greater degree of hardness and showed fewer phagocytes; the epi- 
thelium, although slightly taller than that in the normal non-treated 
cases, was lower than that seen in the control KI animals. After 
seven days no further change in the structure seemed to have taken 
place, but glands removed from fourteen to thirty days after the last 
iodide administration resembled microscopically the normal tm- 
treated gland in so far as the colloid was more or less solid, contain- 
ing only few phagocytes, and the epithelium was low in size. This 
condition was particularly apparent in those animals in which the 
gland was removed thirty days following the last iodide feeding. 

Conclusions 

These experiments show that the stimulating effects of KI upon 
the growth activities of the thyroid gland are manifest approxi- 
mately only during the time when this substance is being adminis- 
tered to the animal; prohferation begins to decHne within a day or 
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activity of the thyroid epithelium, as evidenced by the high number 
of mitoses. The number of mitoses in the entire gland of the in- 
dividual animals varied as follows; 2350, 3112, and 3360, -with an 
average of 2940 mitoses. These figures although somewhat lower 
than figures previously obtained under similar experimental condi- 
tions nevertheless indicate a pronounced increase in cell division. 
Furthermore, the histological changes in the gland were characteris- 
tic of KI stimulation and showed a slight increase in the size of the 
epithelium, a slight softening of the colloid and a marked increase 
in the number of phagocytes within the colloid. 

2. Underfed Controls: The four animals constituting this series 
were insufficiently fed so that they had lost ii to 22 per cent of 
their body weight at the end of the experimental period. The num- 
ber of mitoses in the thyroid of each of these animals was zero, thus 
showing a complete inhibition of proliferative activity. In addition, 
the epithelimn was lower than normal and the colloid was harder 
and very scantily infiltrated with . phagocytes. The histological 
changes of the thyroid gland in these cases indicated, therefore, a 
very much diminished activity: it was very similar to that described 
in the previous paper by Rabinovitch. 

3. Utiderfed Guinea Pigs Treated with KI: In this series the ani- 
mals lost 17 to 26 per cent of their body weight because of under- 
nutrition ; the nvunber of mitoses in individual cases was 60, o, 50, o, 
o, o. These figures approach, therefore, very closely those obtained 
in the underfed animals not treated with potassimn iodide. Evi- 
dently the imder-nourishment and subsequent loss of weight of the 
guinea pigs is very injurious to the activity of the gland and counter- 
balances the stimulating effects of the iodide. There does not 
seem to be, however, a complete parallelism between the degree of 
loss of weight and the resulting diminution in cell division, for some 
of the animals that suffered the greatest loss of weight (26 per cent) 
had comparatively more mitoses (50) than the animals which lost 
least weight (17 per cent); some of the latter had no mitoses at all. 
However, the effect of underfeeding was present in all cases and the 
differences found betw'een different individuals were relatively 
slight. In addition to the diminution in cell prohferation, the epi- 
thelium was found low cuboidal and the colloid mostly solid with 
only occasional areas of softening, while the phagocytes were dmun- 
ished in niimber and observed only in the softened areas. 
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Loeb ^ has emphasized the importance of changes in weight in his 
work on compensatory hypertrophy of the th3T:oid gland. He 
noticed that compensatory hypertrophy and the effect of potassiirm 
iodide upon this process were diminished in animals that had lost 
weight. Rabinovitch^ subsequently showed that the mitotic cell 
proliferation which occurs normally in the thyroid gland of guinea 
pigs can be completely inhibited by underfeeding. In continuation 
of these experiments on the thyroid gland, it was thought of value 
to study the effect of underfeeding upon the thyroid glands of guinea 
pigs who had been fed potassium iodide. These glands would nor- 
mally show very marked proliferation ® of the acinar epithelium, an 
increase in the size of the epithelium, a softening of the colloid and 
an increase in phagocytes. Under these conditions, if underfeeding 
had an inhibitory effect, that effect would be more pronounced. 
This report is the result of a quantitative study of this subject. 

Thirteen male guinea pigs averaging in weight between 400 and 
450 gm. were divided into the following three groups: fi) normal 
guinea pigs fed with KI, three animals; (2) underfed guinea pigs, 
four animals; and (3) underfed guinea pigs treated with KI, six ani- 
mals. The experiments were extended over a period of fifteen days 
during which time the underfed animals lost between ii and 26 per 
cent of their original body weight, while the normal animals gained 
between 10 and 24 per cent. At the end of this period the animals 
were killed with chloroform and the thyroids removed and studied 
in a manner already described in previous communications from our 
laboratory. 

I. Normal Controls Fed with KI: The gain in weight obser\’'ed 
in these animals varied between 10 and 24 per cent during the course 
of the experiment. We found in these cases a marked proliferative 

* Received for publication September 12, 1929. 
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Discussion 

These experiments illustrate that undernutrition plays an im- 
portant role in the activity of the thyroid gland. The manner in 
which the undernutrition affects the activity of this gland is rather 
problematic; it may be assumed however, that the diminished food 
intake deprives the thyroid of a certain amount of its required nutri- 
tion, without which it cannot perform its normal function. Under 
such conditions KI, which normally stimulates the thyroid epi- 
thelium toward increased cell division, fails to be effective and the 
gland assumes a quiescent resting stage showing a low epithelimn 
and solid colloid. Such a histological picture we find to be character- 
istic of an inactive gland. These experiments add therefore ad- 
ditional proof to our previous conclusion, that the maintenance of 
body w^eight of the animal is an important factor in regulating the 
activities of the thyroid gland. Our experiments furthermore em- 
phasize again the necessity of considering changes in weight taking 
place in guinea pigs during the experimental period in estimating the 
effects of various factors on the growth and function of the thyroid 
gland. 

Summary 

The underfeeding of guinea pigs to which potassium iodide is be- 
ing administered results in suppression of cell proliferation of the 
thyroid gland. 
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capsule. But a search through the literature reveals only twenty 
cases of a diffuse involvement of the spleen such as reported here. 
The diagnosis was usually made only microscopically; in most cases 
the spleen was described grossly as having the appearance of a con- 
gested or amyloid spleen: Sappington’s case showed “granite-like 
mottling.” These cases are collected here for reference. 

Di Biasi found secondary growths in the spleen in fifty of 2422 
autopsies on carcinoma (2 per cent); in one of these there was a 
diffuse involvement with a microscopic picture closely resembling 
that in the case reported here. Chalatow reports six cases of carci- 
nomatous metastases to the spleen and in all of them one or more 
sharply outlined nodules were seen. In one the cut surface was 
strewn with nodules varying in size from that of a pin-head to that 
of a cherry-stone; in another, besides two large macroscopic metas- 
tases, small groups of cancer cells were seen in all parts of the spleen 
and in the vessels. Geipel reports fiive cases of diffuse involvement 
of the spleen, two of which he lists as secondary to “sarcoma” of the 
bronchus: it seems possible that these two were carcinoma rather 
than sarcoma and they are therefore included in this series. Two of 
Kettle’s ® four cases of metastases to the spleen showed a diffuse in- 
filtration with carcinomatous cells. Kraft ® reports the interesting 
case of a woman of 49 years who had had pallor and weakness for 
seven months; she was found to have a lump in the left breast and 
enlarged axillary glands. A radical amputation of the breast was 
done and the operative specimen was reported as scirrhous carci- 
noma. There was no improvement in the symptoms following opera- 
tion and two months later the spleen, weighing 2000 gm. was re- 
moved. The other viscera appeared normal. Microscopically, the 
spleen was diffusely infiltrated with what was diagnosed as scirrhous 
carcinoma. The patient improved and was living and well four 
months after the second operation. Lyter has a somewhat simi- 
lar case; a carcinomatous breast was removed, following which 
fifteen X-ray treatments were given; weakness, cachexia and anemia 
developed and the patient died eight months after the operation. 
At autopsy the spleen and bone marrow were diffusely involved 
by metastases. Von Parsch reports seven cases of diffuse carcino- 
matous metastases in the spleen; unfortunately his report is very 
brief and omits details. Sappington’s case, one of carcinoma of the 
breast, was in several respects similar to ours. ClimcaUy, electnc 
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Metastasis of carcinoma to the spleen has always been recognized 
as a rare occurrence. Rokitansky in his text-book of 1855 says that 
it occurs, and mentions having seen an instance twenty years be- 
fore. Beginning with Gussenbauer and von Winiwarter ^ in 1876, 
the incidence of metastasis to the spleen in a large series of cases has 
been reported from time to time. The literature has been reviewed 
more or less fully by di Biasi,^ Chalatow,® Geipel,^ Sappington ® and 
Yokohata.® Yokohata recently collected the figures from twelve 
series of cases and found splenic metastases reported in 313 of 17,783 
autopsies on carcinoma, an incidence of 1.76 per cent. The figures 
from individual series vary from those of Paget and of Reichelmann 
(2.3 per cent and 2.4 per cent respectively) to those of Handley, 
who found only one splenic metastasis in 422 cases (0.25 per cent). 
The form of the metastases varies widely from single or multiple 
macroscopically visible nodules sharply demarcated from the sur- 
rounding splenic tissue, or even encapsulated by connective tissue, 
to diffuse growths infiltrating the spleen and calling forth little or no 
visible connective tissue response. It is to this latter very unusual 
form that we wish to call particular attention in this paper. Yoko- 
hata believes that the frequency with which microscopic metastases 
are found varies with the care exerdsed in looking for them. He 
studied from five to twenty microscopic sections of the spleen in 
each of twenty-nine consecutive cases of carcinoma coming to au- 
topsy and found microscopic metastases in ten cases, or 34 per 
cent. He cites the similar work of Deelman who foimd microscopic 
metastases in seven of seventy-five cases in which no gross nodules 
were seen in the spleen. 

By far the most frequent form of the metastases is the isolated 
nodule, which may or may not be surrounded by a definite fibrous 

* Received for publication September 12, 1929. 
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Microscopic Examination 

Microscopically, the main tumor mass is found to consist largely 
of dense fibrous tissue, invaded by large cells with large vesicular 
nuclei, sometimes singly, sometimes in strands and sometimes in 
groups resembhng acini. In the adjacent lymph nodes the relative 
amount of connective tissue is considerably less, while in the vis- 
ceral metastases the connective tissue is scant. The metastases are 
extremely diffuse, groups of cells being found in the connective tissue 
surroimding bronchioles and in the lymphatics of the lung, in the 
myocardium, around the central veins of the liver, in the interlob- 
ular connective tissue of the pancreas, in the wall of the urinary 
bladder, and replacing the bone marrow. Attached to the cortex of 
the spleen are several fibrous tags, in many of which strands of cells 
similar to those seen in the breast are found. The trabeculae are 
well marked. The malpighian corpuscles are small and scattered 
but the cells do not appear imusual. There are a few small round 
cells in the pulp but most of the tissue is made up of neoplastic cells 
similar to those found in the breast. They are so diffusely scattered 
throughout all the sections studied, in small clusters or occasionally 
in structures resembling alveoli, that the tissue is almost unrecogniz- 
able as spleen. An occasional group of such cells is seen in a blood 
vessel. A Mallory anilin blue stain shows only a very delicate con- 
nective tissue framework supporting the neoplastic cells. 

The extremely widespread metastases in this case and in that of 
Sappington’s may very well be associated with the ill-advised treat- 
ment given, massage in one and the application of a salve, probably 
also by massage, in the other. The anemia is probably due in part, 
at least, to involvement of the bone marrow, as in Lyter’s case. 

Discussion 

The pathway by which the spleen is invaded is discussed by 
di Biasi, Geipel, Sappington, and others. Of course direct extension 
from a neighboring viscus occurs, but is not to be considered as me- 
tastasis. Di Biasi analyzes the pathway in his fifty cases as follows: 
by direct bloodstream extension, seventeen cases; probably, but not 
certainly, by the bloodstream, fourteen cases; by lymphatic or 
direct extension, sixteen cases; uncertain, three cases: that is to say, 
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treatment and massage had been used; postmortem examination 
showed diffuse secondary involvement of practically all of the 
organs, including the spleen. In addition to these cases Marschoff 
cites Biermer’s case with diffuse infiltration of the spleen, the pri- 
mary source being a carcinoma of the liver. 

Report of Case 

Clinical History: A colored laundress, aged 65 years, was admitted to the 
New Haven Hospital with the history and physical findings of congestive heart 
failure. In addition to this, three years before admission she had noticed a pain- 
less lump the size of a hen’s egg in her left breast; a doctor diagnosed it as a 
“wash-woman’s tumor” and prescribed some salve, which she continued to use 
until the time of her admission. She lost 15 pounds in weight during the four 
years preceding admission. Physical examination revealed an aged, emaciated 
colored woman, breathing rapidly and with obvious difficulty. The physical 
findings of interest here were a firm nodular mass in the left breast, adherent to 
the skin but not to the underlying ribs, and large hard lymph nodes in both 
axillae, in the right breast and in the supraclavicular fossae. The skin over the 
left breast was wrinkled but was not ulcerated. There was pitting edema about 
the left elbow, attributed to pressure of the enlarged glands on ti>e venous cir- 
culation. The rest of the physical examination showed the signs of circulatory 
failure. The red blood cell coimt was 1,700,000, the hemoglobin 30 per cent. 
There was no improvement in the patient’s condition, but rather a progressive 
downhill course to death on the tenth day, with signs of congestive heart failure. 

Autopsy 

The findings on external examination are essentially the same as 
the clinical findings, except that the edema about the left elbow has 
disappeared. The mass in the left breast measures 3 by 6 cm. ; it be- 
gins beneath the nipple and extends obliquely upward and outward, 
becoming almost continuous with the enlarged, hard confluent nodes 
in the axilla. This mass cuts with great resistance; it appears grossly 
to be made up of dense white fibrous tissue, in which there are nu- 
merous opaque yellow streaks. The nodes in the axillae and in the 
right breast are similar in appearance. On opening the abdomen the 
peritoneal surfaces are found to be studded with small metastatic 
nodules. Similar nodules are found in the substance of the liver, the 
kidneys and the adrenals, in the visceral and parietal pleurae and 
in the pericardivun. The spleen weighs no gm. and measures 10 by 
^•5 by 3.5 cm. It is dark red and firm. The capsule has numerous 
fibrous tags which bind it to surrounding structures. On section the 
malpighian corpuscles can be seen and the trabeculae stand out 
prominently. 
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T1i 6 view tli3.t tlie spleen s innnunity is to be explsined. on a- me- 
chanical basis does not lend itself readily to experimental proof or 
disproof. On the other hand, a great deal of work has been done to 
show that there is, or is not, something inherent in the spleen which 
makes it unsuitable soil for neoplastic growths. The volume of this 
work is so great and the results so conflicting and inconclusive that 
it does not seem worth while to try to cite it in detail. 

Tumors which regress either spontaneously or under radiation 
therapy show an increase in lymphocytes in the surrounding tissue. 
This observation has led to the opinion that lymphoid tissue exerts 
a deterrent effect on neoplasms. Attempts to show an increased 
susceptibility to transplanted carcinoma following reduction of the 
lymphoid tissue by X-ray, has in some experiments pelded positive, 
in others negative, results. Similarly lymphocytosis has in some ex- 
periments apparently been accompanied by an increased suscepti- 
bility; in others no change was observed. Since the spleen is the 
most convenient source of lymphoid tissue it has been most used for 
experimental purposes. Many experiments have been reported to 
show that the growth of transplanted neoplasms is more rapid in 
splenectomized than in normal animals; that it is retarded in ani- 
mals simultaneously injected with spleen extract; and that it is 
still more retarded by extracts of the spleens of animals already 
affected with cancer. Other experiments by equally qualified in- 
vestigators, using similar technique and, in some cases the same 
strain of transplantable tumor, have shown that none of these 
procedures has any effect whatever on the rate of growth of 
the tumors. Evidence has been brought forward to show that 
antibodies are formed in the spleen, lymph nodes, and bone mar- 
row which can be used therapeutically or prophylactically in ex- 
perimental animals; these antibodies have not been demonstrated 
by in vitro experiments such as the precipitin or complement-fixa- 
tion reactions. Some investigators have thought that ferments in 
the spleen destroy the implanted cells. Spleen emulsion has been 
tried therapeutically on carcinoma in human beings, but without 
effect. Lieblein incubated spleen extract with carcinoma cells and 
observed no cytolytic effect on the cancer cells. According to Gold- 
man cancer transplanted directly into the spleen grows as readily 
as an3rwhere else in the body. This in itself seems to be a most con- 
vincing argument against any specific immunity of the spleen. 
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in 31, or 62 per cent, of the cases, the splenic metastases were prob- 
ably due to bloodstream dissemination. In one of Geipel’s cases, 
with the primary seat in the pancreas, the portal vein and several of 
its tributaries, including the pancreatic and lienal veins, were filled 
with carcinoma cells; these cells were seen invading the walls of 
veins in the spleen, but were not to be seen in the capillaries. He 
therefore believes that the lienal vein was the pathway of extension 
in this case, and also that retrograde extension through the portal 
vein from a primary or secondary growth in the hver must be con- 
sidered in other cases of carcinomatous metastases to the spleen. 
Von Parsch finds in some of his cases that the large veins are filled 
with tumor cells while the splenic tissue is unaltered, and offers the 
same explanation as Geipel. Sappington attributes the splenic me- 
tastases in his case to bloodstream dissemination from the secondary 
growths in the lungs; we believe that to be the pathway in the pres- 
ent case. 

The relative immunity of the spleen to successful implantation of 
metastatic growths has occasioned much discussion and speculation 
and considerable experimental work. The explanations offered can 
be divided roughly into two classes; those based on the reaction of 
the tissue to implanted cells, and those based on mechanical con- 
siderations. In the former view, upheld by Chalatow and Kraft, 
ferments and hormones or the phagocytic cells of the spleen are be- 
lieved to destroy the invading cells. A mechanical explanation, ac- 
cording to Sappington, can be based on three factors: (i) there are 
no afferent lymphatics; (2) because of the sharp branching of the 
splenic artery from the cehac axis the large metastatic cells are car- 
ried past and do not enter it; and (3) the rhythmic pulsation of the 
spleen keeps the tumor cells oscillating and prevents their getting a 
foot-hold. Of these three the first seems the most reasonable and is 
in agreement with anatomical facts. As for the second, the sharp 
branching of the splenic artery does not prevent the spleen from be- 
ing one of the most frequent sites of infarction, caused by emboli 
presumably much larger than the tumor emboli. And as for the 
third, the rate and amplitude of motion in the lungs is much greater 
than in the spleen, and yet the lungs have frequent metastases. It 
must be remembered, however, that all the blood of the body passes 
through the lungs at each cyde, while only a small part passes 
through the spleen. 
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In view of these contradictory results it is not surprising that in 
recent years this line of investigation has been almost entirely given 
up. The question of the immunity of the spleen in particular and of 
the body in general is unsettled; undoubtedly the multiplicity of 
explanations is due to the same cause as the multiplicity of drugs 
used in the treatment of certain diseases; namely, the fact that none 
is found very satisfactory. 
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carried out. In this paper we wish to report a series of experiments 
with gases in which a hitherto unstudied phase of their effect within 
the body will be described. This phase is the local tissue reaction 
to subcutaneous injections of pure gases. 

In our experiments small amounts of sterile oxygen, nitrogen, 
and carbon dioxide were introduced into the subcutaneous tissues 
of guinea pigs and the reactions of cells and tissues to the individual 
gases were studied. As far as we know this is the first time that 
such studies have been made. Gases have been introduced into the 
subcutaneous tissues under other conditions, but the object of the 
injections has been for some other purpose, and the local inflam- 
matory reaction has been disregarded. Boeldieu and others have 
injected nascent oxygen subcutaneously in the treatment of whoop- 
ing cough, and various devices for the introduction of this gas into 
the tissues have been perfected, notably by Fialip ® and Agasse- 
Lafont and Douris.^ Oxygen has also been introduced therapeu- 
tically into tuberculous abscesses with good results, Bonnamour 
and Lang^nieux ® have studied the effect of subcutaneous injections 
of carbon dioxide on the respiration. Campbell ® introduced various 
gases, especially oxygen, nitrogen, and carbon dioxide, into the 
subcutaneous tissues and studied the diffusion of gases from the 
blood. He found that after several hours the gas originally in- 
jected was no longer pure, but contained, mixed with it, other gases 
which had come by diffusion from the blood. Mclver, Redfield, and 
Benedict obtained similar results when the same gases were in- 
jected into isolated loops of intestine. But nowhere in the literature 
concerning the injection of gases into the animal organism have we 
found any mention of the study of the tissue response at the locus of 
injection. Of interest, however, is the brief description of the histo- 
logical appearance of emphysematous mediastinal tissues given by 
Wolbach ® in his discussion of the pathology of fatal influenza cases 
studied at an army camp during the epidemic of 1918, Here the gas, 
atmospheric air, reached the mediastinal tissues from the lungs, and 
Wolbach calls attention to certain histological changes which he ob- 
served in the emphysematous regions. In the present paper we 
wish to limit oiurselves to the local subcutaneous reaction and to 
describe it in some detail. 

These experiments have been carried on in close association with 
the group of studies on the tissue reactions in tuberculosis being 
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The introduction of various gases into the animal organism for 
purposes of experimental study or for therapeutic effect has been 
carried out for many years. The t)^es of gases which have been 
used have varied greatly. Oxygen, nitrogen, carbon dioxide, hydro- 
gen, atmospheric air, and mixtures of some of these, have all been 
employed. The methods by which these gases or gaseous mixtures 
have been introduced have likewise varied. In some cases the ex- 
perimental animal has been enclosed within a chamber in which the 
gas content could be accurately regulated. In others the gases have 
been supplied by means of a mask or nose-piece through which a 
known quantity or type of gas could be delivered. Again the gas 
has been actually injected into the body, either into a natural cavity 
such as the pleural cavity, or the lumen of an isolated loop of in- 
testine; or directly into the tissue spaces. Evacuated abscess cav- 
ities have been filled nith certain gases (e. g. oxygen), and on rare 
occasions gases have been introduced into the blood stream. 

It is not our purpose to enter here into a discussion of these many 
and unrelated studies made with the gases mentioned above. It is 
desired simply to indicate at the outset that such studies have been 

* The major part of this work was done in the Department of Pathology of the 
Vanderbilt University hicdical School, All of it was throughout in close association 
wiUi, and represented an integral part of the program of work that is being carried on 
in tlic Department of Anatomy \vith the help and cooperation of the Research Com- 
mittee of the National Tuberculosis Association. 

Received for publication August ig, 1929. 
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In 1928, Lawrence, Tompkins and Cunningham, using yellow 
phosphorus dissolved in various oils, were able to bring about the 
production of large numbers of monocytes and epithelioid cells by 
the injection of this substance into the subcutaneous tissues of 
guinea pigs. It was thus shown for the first time that certain 
chemical irritants, in addition to the tubercle bacillus, could produce 
these cells. 

The problem then was to determine the character of the various 
stimuli which would bring about an increase in monocytes and the 
production of the epithelioid type of cell. Was the reaction one in 
which the irritating agents were similar to each other chemically? 
Or was the cause purely physical and non-specific, unrelated to the 
chemical structure of the agent? In order to throw some light on 
these questions, it was decided to carry out experiments employing 
the simplest, most elemental irritants, and the gases named above 
were selected. 

Technique of Injections: The subcutaneous injections of gas were 
given with a very simple mechanism which consisted of a 20 cc. 
syringe to the outlet of which was attached a three-way valve which 
permitted the connection not only of the needle but also of a side- 
tube through which gas could be drawn into the syringe from the 
gas container. Gas was conveyed to the syringe through a sterile 
rubber tube, pressure tubing being constantly employed. Before 
entering the syringe, however, the gas passed through sterile dex- 
trose broth contained in two test-tubes which were inserted be- 
tween the gas chamber and the syringe. Following the injections 
into the animals these culture tubes were removed and incubated 
at 37.S°C. At the end of twenty-four and forty-eight hours, the 
broth was examined for evidence of bacterial growth. This pro- 
cedure was carried out for a considerable period of time, and in not 
a single instance was there any growth in the medium.. It was then 
decided to dispense with the culture tubes and to replace them with 
a small sterile glass tube partly plugged with sterile cotton. This 
worked excellently and in no case was there evidence of local infec- 
tion in the tissues which had been injected with the gases. 

The gases used were obtained from commercial sources, coming 
in large steel tanks in which they were held under great pressure. 
By means of a reducing valve, the flow of the gases could be so 
diminished that it was possible to remove small amounts at a time. 
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carried out at the Vanderbilt University Medical School. It there- 
fore seems worth while, at the outset, to outline briefly the maj’or 
contributions to this subject and to indicate the connection which 
these seemingly unrelated studies with gases have to the study of 
the tissue reactions in tuberculosis. 

In the early study of the epithelioid cell of the tubercle, Baum- 
garten is the outstanding figure. In 1885 he reported his classical 
observations on the tubercle as studied in the avascular cornea of 
the rabbit.® He called attention to the “epithelioid” character of 
the typical cells of the lesions, the presence of which forms the es- 
sential criterion upon which the histological diagnosis of tubercle 
rests. As Krause^® has pertinently remarked: “Epithelioid cells, 
onion-layered, may alone be seen, as tubercle bacilli have disin- 
tegrated and disappeared; it is a tubercle. Tubercle bacilli may alone 
be present, it is not a tubercle, nor is it one if lymphocytes alone dis- 
play themselves, or a giant cell alone.” 

In 1923, Sabin ("quoted by Cunningham”), in studying the scrap- 
ings of a lymph node from a patient with tuberciflosis first observed 
these typical cells of the tubercle while living, and noted their 
similarity to the monocytes of the blood. Stimulated by her find- 
ings, Cimningham, Sabin, Sugiyama and Kindwall systematically 
studied experimental tuberculous lesions in the rabbit. They 
h'mited their descriptions to observations made on supravitally 
stained preparations, and their results confirmed Sabin’s earlier 
findings. They found that monocytes and epithelioid cells were 
present in great numbers in all tuberculous tissue and that transi- 
tional stages from one type to the other coxfid be demonstrated. 
They introduced criteria for the identification of the individual 
epithelioid cell which up to then could not be recognized apart from 
its presence in a tubercle. In their report the typical epithelioid 
ceU was described and pictured and the steps in its transition from 
the monocyte were followed. 

From their studies they concluded that the tubercle baciUus, 
from an intracellular position, in some unknown way, brought about 
the change of the monocyte into the epithelioid cell. Somewhat 
later, however, Sabin and Doan,” working with chemical fractions 
of tubercle bacilli were able to produce typical epithelioid cells in 
rabbits with the phosphatid fractions, A-3 and A-4. 
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Zenker’s fluid in order to fix the films so that they might be stained 
later by other methods. 

After the material for the supravital studies had been obtained, 
all of the subcutaneous tissues of the injected area were excised and 
fixed in Zenker’s fluid. They were later embedded in paraffin and 
sectioned. Such sections were then stained by various methods, the 
usual being the ordinary hematoxylin-eosin method. Many sections 
were also stained for fibrin and collagen with MaUory’s anilin blue 
and Mallory’s phosphotungstic acid hematoxylin stains. In a 
number of cases, sections were stained for fibrin by Weigert’s method 
and for elastin by Verhoeff’s method. 

Rate of Absorption of the Gases: Although not considered at fiirst 
to be an integral part of the principal problem, the period of time 
necessary for the complete disappearance of the gases from the 
subcutaneous tissues assumed a more and more important aspect as 
distinct differences in their absorption became evident. Carbon 
dioxide, for example, disappeared from the tissues readily. Within 
six to eight hours after the injection of 20 cc. of this gas only the 
slightest trace remained. If double the amount, 40 cc., were in- 
jected crepitation could be demonstrated for about twenty to 
twenty-four hours. This evidence of rapid absorption of carbon 
dioxide agrees with that of other workers who attribute the rapid 
disappearance of the gas to its very high diffusion rate in tissue. 
Campbell, for example, found that carbon dioxide disappeared 
from the subcutaneous tissues of rabbits very rapidly. Mclver, 
Redfield and Benedict found the same to be true of carbon dioxide 
injected into an isolated loop of intestine. 

Nitrogen, on the other hand, remained for long periods of time in 
the tissues. At the end of forty-eight or even seventy-two hours, 
the gas was still present in demonstrable quantities. This agrees 
with the findings of other observers, especially those already men- 
tioned. When 20 cc. of this gas were introduced into the subcutane- 
ous tissues crepitation was observed for a three-day period. Rarely 
were injections of nitrogen given at more frequent intervals. 

In the rate at which it disappeared from the tissues, oxygen oc- 
cupied a position approximately midway between the other two 
gases, perhaps more nearly approaching carbon dioxide than nitro- 
gen. At the end of twenty-four hours after a 20 cc. injection, slight 
crepitation was usually demonstrable and small bubbles of gas 



INJECTION OF GASES INTO THE SUBCUTANEOUS TISSUES 9 1 

The individual gases were not analyzed or purified chemically, 
but were used directly from the tanks. 

Before each experiment, the syringe, valve, needles and the rub- 
ber and glass tubing were sterilized by boiling. When cool they were 
attached to the gas chamber, and gas was run through the system 
long enough to assure a supply of the pure gas into the syringe. 
The needle was then carefully introduced into the subcutaneous 
tissues of the animal and approamately 20 to 25 cc. of the gas were 
injected. In the case of carbon dioxide, it was found necessary to 
introduce 40 cc. or more on account of the rapidity with which this 
gas was absorbed by the tissues. The animals were kept in clean 
cages until the following day when the injections were repeated. 
This procedure was carried out daily for varying lengths of time, 
although it was soon found that nitrogen disappeared so slowly that 
injections of this gas were necessary only at three or four-day in- 
tervals, At various periods, the animals were sacrificed and the 
tissues studied. 

Methods of Study: Immediately after the death of the animal the 
tissues and cells of the exudate were studied in the living state by 
means of the supravital technique.^® The slides employed were 
coated with a fairly strong solution of neutral red alone (30 to 60 
drops of the concentrated stain in 10 cc. of absolute alcohol) or with 
a combination of neutral red and Janus green, 2 drops of a satu- 
rated absolute alcoholic solution of the latter dye to i cc. of the 
diluted neutral red. Small amounts of the exudative fluid were 
scraped from the subcutaneous tissue, placed on clean cover slips, 
dropped on a slide, and sealed. In addition, minute fragments of 
connective tissue were spread out as thinly as possible on cover 
slips. During manipulation, this tissue often became slightly dry. 
To replace the evaporated fluid, a small drop of sterile serum from 
a normal guinea pig was added to the tissue before it was placed on 
the slide. All of the microscopic examinations of these fresh prep- 
arations were made in a hot box which was kept at a constant tem- 
perature of 39°C. 

Studies were made within an hour after the spreads were pre- 
pared. Specimens more than an hour old were discarded because of 
the rapidity with which cell degeneration took place after that time. 
When the supravital preparations had served their usefulness the 
cover slips of many of them were carefully removed and dropped in 
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Supravital Studies 

Early Reaction: The local reaction at the end of short periods of 
time, twenty-four to forty-eight hours, was quite different from that 
occurring at later stages, after four days, for example. The acute 
reaction with all gases tended to be a granulocytic one, although 
monocytes in varying numbers, from 30 to 60 per cent, were also 
present. With oxygen, polymorphonuclear neutrophihc leukocytes 
were quite numerous, sometimes reaching 60 to 70 per cent of the 
total cells in preparations made at the end of twenty-four hours, 
and somewhat less at forty-eight hours. Nitrogen produced a defi- 
nite, though less marked, gramdocytic reaction at the end of 
twenty-four hours, about 40 or 50 per cent of the cells being of this 
type. At forty-eight hours, the granulocytes were much less com- 
mon and monocytes were the predominant cells. Carbon dioxide at 
both twenty-four and forty-eight hours produced but a slight reac- 
tion. At that time polymorphonuclear neutrophiles were the pre- 
dominating cells. 

Late Reactions. Smears: In all preparations, early as well as late, 
there were varying numbers of moderately large cells, measuring 
from 8 to 12 microns in diameter. These were roimd or oval in 
shape, usually with smooth, regular outlines, occasionally irregular 
in shape and containing curved, oval or indented, eccentric nuclei 
which were clearly visible. Within the cytoplasm and grouped 
usually in a rounded, rosette-like clump near the nucleus there 
were var3dng munbers of light brownish red or yellowish red vac- 
uoles. Sometimes these surrounded a clear zone, the centrosphere, 
but more often they were grouped in a single mass, the center of 
which was less dense than the periphery. In many cells they were 
not so grouped, being foimd above or below the nucleus or scattered 
throughout the cytoplasm. They varied but slightly in size. Most 
of them were smaller than similar bodies in the normal monocyte of 
the blood. In addition to the neutral red vacuoles there were oc- 
casional refractile droplets of fat. 

These cells were present in aU preparations examined. They were 
foimd even after twenty-four hours, but appeared in considerable 
quantities at the end of forty-eight hours and were most numerous at 
four to six days or thereafter. Many of them resembled the typical 
monocyte of the circulating blood, but the majority showed some 
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could be found in the corium on gross examination. After thirty- 
six hours, however, the gas had usually left the tissues completely. 

Observations 

Gross Description: Before the animal was killed it was nearly 
always possible to demonstrate by crepitation the presence of free 
gas in the tissues. With carbon dioxide this was a less common find- 
ing on account of its rapid absorption, but with oxygen and nitrogen 
there was usually a considerable amount of gas present. When the 
animal was killed and the subcutaneous tissues were exposed, they 
were found to be quite moist or even wet. The wetness varied some- 
what with the different gases, being most marked with nitrogen and 
least with carbon dioxide. The maximum amount of fluid was 
present at four to ten days, sometimes later. In the case of nitrogen, 
the tissues were often so fiUed with moisture that large amounts of 
fluid, often filled with macroscopic vacuoles of gas, could be scraped 
up with the knife. 

Injections of the local vessels varied in intensity, sometimes being 
quite marked, but more commonly appearing only in local regions 
near the sites of needle punctures. 

The exudative fluid, when abundant enough to examine closely, 
was grayish white in color and not infrequently tinged vdth blood 
from vessels which were torn during the process of scraping. Usually 
bubbles or vacuoles of gas were visible to the naked eye throughout 
the tissues, being most nmnerous when nitrogen had been injected, 
and only slightly less so following oxygen administration. In the 
carbon dioxide animals, however, visible gas vacuoles were never 
present in great nmnber, and often no such vacuoles were seen. The 
gas vacuoles were in all cases more numerous in the soft tissues of 
the groin than they were in the subcutaneous connective tissue of 
the anterior abdominal wall. 

At early periods, up to five or six days, there was no recognizable 
thickening of the subcutaneous connective tissue, but at later stages, . 
i. e, after ten days, there was a moderate increase of the fibrous tissue 
with resulting induration and firmness of the abdominal wall. This 
was most noticeable in the case of nitrogen, and least remarkable 
with carbon dioxide. 
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animals. With carbon dioxide they were less common at all stages. 
These cells were usually very large, fifteen to forty microns in great- 
est dimension. They often contained a single nucleus, as in the up- 
per cell of Fig. 20, but frequently they contained two or more, up to 
six in a single cell. In all these cells the neutral red material was 
present as exceedingly fine, dust-hke particles. In most of the cells 
the particles were so minute that they could not be made out in- 
dividually. Between them the cytoplasm had a faint, brownish 
red cast, as if the dye had either diffused into the cytoplasm itself or 
had stained some substance there situated. On the other hand, the 
. hazy, diffuse staining may have been due to an optical effect brought 
about by the great number of the small bodies staining with the 
neutral red. These cells usually contained many fat droplets. 

Cells such as these are illustrated in the accompanying drawings. 
Fig. 20 shows two cells which were found in a shred of subcutaneous 
tissue taken from an animal which had received two injections of 
nitrogen over a period of four days. The larger cell contained two 
nuclei and the rosette of neutral red vacuoles was readily seen. The 
smaller cell, partly hidden by the larger, had less neutral red but 
showed the same grouping of minute neutral red bodies. The smal- 
ler cell also contained fat droplets. 

Fig. lo shows a large binucleate cell from an animal which had 
had daily injections of oxygen for seven days. The neutral red 
vacuoles in this cell were all minute, quite regular and equal in size, 
and were clear and distinct. No diffuse reddish brown tint was 
present about the vacuoles as was commonly seen in the majority 
of these cells. The neutral red bodies formed two distinct rosettes 
between the nuclei. Several fat droplets were visible in the periph- 
eral portions of the cytoplasm. 

The cells shown in Figs. 12 and 13 were obtained from animals 
which had received nitrogen over a period of ten days and four days 
respectively. The first of these cells had three nuclei with defimte 
nucleoli. The neutral red vacuoles were dust-like in character, 
stained diffusely brownish red, and simulated a rosette in their ar- 
rangement. The second ceU, with two nuclei, was a younger form. 
Its cell border appeared irregular but the neutral red pattern was 
quite s imil ar to that of the other cell. 

Fig. II illustrates the most usual appearance of these cells. This 
particular ceU was very large, approximately twenty-five microns 
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differences. The neutral red bodies, for example, were more numer- 
ous, smaller in size, and more uniform in shape; fat droplets were 
often visible in the cytoplasm; and the cells were generally la:rger 
than the typical monocyte. Such cells, therefore, were not normal. 
They resembled those showm in Figs, i and 2, Plate i, of the paper 
by Cunningham, Sabin, Sugiyama, and Kindwall,^* and we may call 
them, with these authors, “modified monocytes.” They were the 
characteristic cells of the exudates, being present in great numbers 
following injections of oxygen and nitrogen, but appearing less 
frequently after the administration of carbon dioxide. 

A few of the “modified monocytes” are shown in Figs, i, 5, 6, 7, 
and 9. These particular cells, drawn directly from supravital pre- 
parations, were found in the scrapings of the subcutaneous tissues 
of an animal which had received daily oxygen injections over a 
period of four days, but they represent the predominating type 
found following the injection of aU three gases. The tendency on the 
part of the neutral red bodies to form a rosette in many of the cells 
is well shown. Occasional fat droplets may also be seen. Such 
droplets were usually at the periphery of the cell, but they were 
sometimes found above or below the nucleus, or even among the 
neutral red vacuoles. They were most numerous in the cells from 
animals which had received carbon dioxide and least numerous fol- 
lowing oxygen injections. They appeared commonly after six or 
eight days, but even then only the older cells were involved. 

Cells of the same general character as those already described but 
containing several nuclei were also present in varying numbers. 
They were rare at periods earlier than four days, but they appeared 
about that time and from then on they increased in number and 
often in complexity of structure. At eight or ten days they were 
invariably found. Figs. 3 and 8 show such cells, one vdth two nuclei, 
the other vdth three. These cells, like the mononuclear forms de- 
scribed above, showed the characteristic grouping of neutral red 
vacuoles about a centrosphere. Fat droplets, too, were often 
numerous. 

In addition to the abundant cells of the tjqjes already described 
there appeared another type of cell. Cells of this type were few in 
number in the early stages (three to five daj’-s) but they gradually 
increased until the tenth or twelfth day when they were present in 
considerable quantities, especially in the nitrogen and oxj^gen 
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Only rarely were cells found in the process of direct division and 
never in indirect. Fig. 14, shows a giant cell which was dividing 
directly to form two daughter cells, one with three nuclei, the other 
with one. In Fig. 21 there is a cell from an oxygen animal of four 
days in which direct division was taking place. In both of these 
dividing cells there was a fairly equitable division of the neutral red 
bodies between the daughter cells, especially in the second one where 
distinct rosettes were present in association with each nucleus. 

An interesting phenomenon observed repeatedly in the prepara- 
tions from oxygen animals, and occasionally with nitrogen, was the 
arrangement of the cells about gas bubbles which were often present 
in the fluid. Figs. 16 and 17. While these structures were frequently 
found, it is to be presumed that they were more numerous in the 
actual tissues than they were in the stained preparations, for un- 
doubtedly during manipulation of the exudate many of these 
structures were destroyed. About the gas bubbles, which were of 
varying sizes, there were groups of typical monocytes, sometimes 
few, more often many. In the first illustration three cells are seen 
about such a bubble of gas. These cells had extended, sucker-like 
processes which were closely applied to the edge of the vacuole. 
The cells themselves had quite definite rosettes of neutral red and a 
few small neutral red bodies were present in the processes, in some 
cases extending down to their tips. 

The second drawing, Fig. 17, shows a somewhat larger gas vacuole 
which was surrounded by many cells arranged in spoke-like fashion 
about the bubble. The cells nearest the gas space had applied to its 
edge a large portion of their surfaces while those more remote had 
extended long cytoplasmic processes to the edge of the vacuole. 
All these cells contained small amounts of neutral red often scat- 
tered in the cytoplasm, though generally forming a small but dis- 
tinct clump. 

In preparations from animals which had received oxygen and 
nitrogen injectidns for four or more days, cells of the granulocytic 
series were only occasionally seen. Pol3Tnorphonuclear neutrophiles 
were the cells most usually found, but their presence was so infre- 
quent as to call for special mention. With carbon dioxide, on the 
other hand, polymorphonuclear neutrophiles were more conomonly 
seen, and occasionally these cells predominated. Such cells when 
present in any of the preparations were quite typical in character. 
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in diameter, and contained five nuclei arranged in a circle about a 
dense mass of fine, hazy granules of neutral red. It was present in 
the scrapings from the subcutaneous tissue of an animal which had 
received four injections of nitrogen over a period of fourteen days. 
Such cells were not uncommon following nitrogen and oxygen in- 
jections, but were rarely found in carbon dioxide animals. They 
usually contained varying numbers of fat droplets which were al- 
most always present in the peripheral parts of the cytoplasm. 
Phagocytized foreign material was rarely seen. 

Fig. 1$ shows a cell from the subcutaneous tissue of a carbon 
dioxide animal which had received daily injections of the gas for 
twelve days. While there were many minute bodies of the dye mas- 
sed in the central portion of the cytoplasm of this ceh, there were 
also many larger vacuoles, some of which stained intensely with the 
neutral red, thus indicating an acid reaction. This type of cell 
usually contained many fat droplets. 

Fig. 14, from an eight-day nitrogen animal, shows one of these 
giant cells in the process of direct division. The neutral red material 
was present in very small vacuoles and these were found not only in 
the individual cells but in the long strand of cytoplasm which con- 
nected them. 

All of these large cells, both mononuclear and multinuclear, re- 
sembled the typical epithelioid cell of the tubercle, as this cell ap- 
pears in supravitally stained preparations. The increased size of 
the cell, the dust-like character of the neutral red vacuoles, their 
arrangement in a rosette-like mass in the cytoplasm and the presence 
of fat droplets in varying numbers are all characteristic of the 
epithelioid cell of true tubercle. In these preparations such epithe- 
lioid cells rarely contained large vacuoles of neutral red or other 
recognizable phagocytized material. 

Between the relatively normal monocytes, which were present in 
small numbers, and these typical epithelioid cells, there was the 
great group of modified monocytes which made up the largest per- 
centage of the cells. These appeared to be intermediate in character, 
being larger than the typical monocjdes and containing more neutral 
red vacuoles. Indeed all stages of the transition could be followed, 
from early modified forms up to late stages where the neutral red 
bodies were minute, granular and haz>’-, and the cells quite large. 

The ewdence of active multiplication of these cells was not great. 
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Most of these exudative cells contained small groups of mitochondria 
arranged peripherally to the neutral red vacuoles, though sometimes 
these structures could be seen scattered between the neutral red- 
stained bodies. 

Fixed connective tissue cells were not infrequently seen to be 
dividing indirectly, so that active proliferation of these cells was in 
progress. In no case, however, were monocytes found in the process 
of cell division. 

In addition to monocytes and epithehoid cells, clasmatocytes 
were found more frequently in the tissues than they were in the 
exudates. Such cells resembled those seen in the smears. They 
were more numerous in specimens from carbon dioxide animals than 
they were in preparations from animals which had received oxygen 
or nitrogen. 

It was not vmusual to find in preparations of tissue a tendency on 
the part of certain connective tissue cells to become rounded up and 
hypertrophied. Such cells were at first broad and tapering, with one 
or more long cytoplasmic processes which often connected them 
with adjacent cells. They contained varying numbers of small 
neutral red vacuoles which were usually scattered in the cytoplasm, 
but which sometimes simulated a rosette. In some of these cells the 
neutral red was present in small amount, only a few vacuoles some- 
what larger in size than those of the modified monocyte being 
present. But in others the intracytoplasmic structures showed a 
definite resemblance to those of the free monocyte, even to the 
grouping of fine mitochondria outside the rosette. Fig. i8 shows 
such a group of connective tissue cells, and illustrates the usual dis- 
tribution of neutral red vacuoles in their cytoplasm. Two typical, 
slightly modified monocytes were present between these cells. 
This group of cells came from an animal which had had daily oxygen 
injections for a period of seven days. 

In another seven-day oxygen animal an analogous, though more 
advanced, change was noted (see Fig. 19). Here a group of six or 
eight cells, apparently connective tissue cells, appeared to be in the 
process of roimding up and becoming free. Most of these cells had 
long; strand-like, cytoplasmic processes which extended from the 
cell into the adjacent tissue. The cells themselves, except for the 
single processes, were almost oval in shape and contained many 
pm all vacuoles of neutral red. Two of the cells had become com- 
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were usually motile and not uncommonly contained one or more 
neutral red vacuoles of varying size and of a deep reddish tint. 

In addition to the cells described above, certain large phagocytic 
cells were noted sporadically in aU of the preparations, but were 
more common in the carbon dioxide animals than in the others. 
Such cells were large, irregular in shape, with an oval nucleus. 
Neutral red vacuoles of varying size and tint were scattered irreg- 
ularly throughout the cytoplasm. There was no tendency to rosette 
formation or fine granulation. Phagocytized material, such as 
nuclear fragments or even whole leukocytes, was not limited to the 
peripheral cytoplasm, but was usually stored deep within the cell. 
These large phagocytic cells, however, differed greatly from the 
monocytes and epithelioid cells and were so infrequently found that 
their total percentage in several differential counts was never more 
than I to 3 per cent. They corresponded to the “clasmatocytes” 
as described by Sabin, Doan and Cunningham and pictured in 
their Plate I. 

In addition to the living cells described above there were often 
dead or disintegrated cells which either stained diffusely or failed to 
take up any of the dye. These were more numerous in the carbon 
dioxide animals than in the others. No attempt was made to ident- 
ify such cells. 

Tissue Spreads: Spreads of thin sheets of subcutaneous con- 
nective tissue showed typical elongated, sometimes stellate, con- 
nective tissue cells of the fixed tissue. In general, these cells did not 
take up any of the neutral red, but where double stains were used 
they exhibited small numbers of minute, granular mitochondria 
grouped about the nucleus. Many strands of collagen were also 
visible, running in all directions. Present within such fragments of 
tissue, often clumped in clear spaces between collagen fibers were 
varying numbers of the typical monocytes and modified monocytes 
of the exudates as well as occasional larger cells which approached 
the epithehoid cell tjipe. Epithelioid cells as such were rarely found, 
although the two cells in Fig. 20 came from a tissue spread of a four- 
day nitrogen animal. In general, the younger forms of modified 
monocytes predominated, espedaUy after oxygen and nitrogen in- 
jections. In the carbon dioxide animals poljTuorphonuclear neutro- 
phUes were also in evidence and the monocytic types were distinctly 
fewer than thej-^ were in animals injected ndth the other two 'gases. 
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in the others. Following oxygen injections they were frequently 
found, but with carbon dioxide they were few in number and usually 
small in size. Present within most of these spaces there was a scat- 
tered granular deposit which consisted undoubtedly of albuminous 
material which had been precipitated from the edematous fluid 
noted grossly in the tissues. The presence of such a precipitate 
within almost all of these vacuoles which were originally made by 
gas indicates that the gas was not, at the time of fixation at least, 
the only occupant of the spaces, but that fluid which exuded from 
the surrounding tissues was also present in considerable quantity. 
In many places there were circular, clear areas within the precipitate, 
the evidence of gas vacuoles which had been present in the fluid it- 
self. For the sake of convenience in referring to these gas-formed 
spaces in the tissues, regardless of whether or not they contain fluid, 
they wiU hereafter be spoken of as “gas spaces.” 

In addition to the albuminous precipitate there were in the gas 
spaces var3dng numbers of cells and occasional irregular strands of 
an intensely red-staining substance which in some places resembled 
old fibrin, but which in others appeared to consist of stretched and 
fragmented strands of collagen fibers which had become separated 
from the tissue and were undergoing certain degenerative changes 
by which they became transformed into hyaline-like masses. The 
accumulations of cells and hyaline material were generally found 
scattered here and there within the spaces. They were most common 
at the edges of the spaces. Figs. 22 and 24, where the fluid had been 
abtmdant. Occasionally they were present in spaces which showed 
no evidence of fluid. 

The typical cells of the exudates foimd in the gas spaces are 
shown in Fig. 23. They were so numerous that one cannot but feel 
that they were identical with the monocytes and modified monocytes 
observed in the supravitally stained preparations. Such cells re- 
sembled the so-called large mononuclear leukocyte. They were ir- 
regularly roimd or oval, with single, eccentricaUy-placed, curved or 
indented nuclei. In fixed preparations nothing more specific could 
be made out. These cells were present in varying numbers within 
the gas spaces. They appeared also in the surrounding tissues. They 
were the characteristic cells of the exudates, appearing almost to the 
exclusion of other types. Polymorphonuclear neutrophihc leuko- 
cytes were rarely seen, except in the carbon dioxide animals where 
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pletely separated from the tissue and were gradually becoming 
changed into rounded, free cells. One of these had a typical rosette. 
At the periphery of this small group there was a considerable number 
of free monocytes or modified monocytes. 

From a morphological standpoint, these altered connective tissue 
cells seemed to be undergoing definite transition from the fixed, 
tissue type to the free type. During the period of examination of the 
supravital preparations, those connective tissue cells which were ap- 
parently normal at first contained no neutral red, but they gradually 
acquired red-stained vacuoles which, at the end of an hour, were 
often quite numerous. These probably represent a degenerative 
change taking place within the cell during the time of observation. 
On the other hand, the cells which were undergoing the transitional 
change contained their vacuoles from a very early period, thus in- 
dicating that in some way they were already different from the 
normal connective tissue cells. Such altered cells appeared as types 
transitional in character, intermediate between the fixed connective 
tissue cell and the free cell of the exudate, the monocyte. It must 
be borne in mind, however, that the evidence of this apparent transi- 
tion rests at present solely on a morphological basis. 

Such apparent transformations from fixed to free cells were ob- 
served chiefly following oxygen injection. With nitrogen and carbon 
dioxide there were fewer evidences of a similar change. Granulo- 
cytes were not commonly found in tissue spreads except in carbon 
dioxide animals, where they were seen in large numbers. 

It was not uncommon to find small blood vessels, especially capil- 
laries, in the tissues studied. In no case was there any evidence of 
phagocytic activity on the part of the endothelial cells which formed 
their linings, nor was there any neutral red in their cytoplasm. No 
endothelial cells were seen in the process of cell division. There was 
no apparent desquamation. In such capillaries the endothelial cells 
formed a smooth, flat layer which lined the vessels and showed no 
evidence of becoming free or wandering into the tissues. 

Fixed Tissue Studies 

Sections of tissues fixed in Zenker’s fluid and stained with hema- 
toxylin and eosin showed varjnng numbers of large and small spaces 
which were more numerous in the nitrogen animals than they were 
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found following administration of all of the gases, but were especially 
numerous in animals which had received nitrogen. Figs. 30 and 31 
show two of these cells, both from nitrogen animals. The epithe- 
lioid character of these cells was not so easily demonstrated, for ex- 
actly similar cells were not observed in the living state. Some of 
them, however, from their similarity to the free giant cells, and from 
their resemblance to the giant cells of a tubercle, may reasonably 
be assumed to be of the epithelioid type. 

In Fig. 31 a single cell is seen. This was definitely of the Langhans 
type with a rim of nuclei extending part way about the elongated 
ceU. One border of the cell was in contact with the gas space. Fig. 
30 shows a similar cell in which the nuclei were grouped in the part 
of the cell farthest removed from the accumulation of gas. A single 
cytoplasmic process projected out toward the space which con- 
tained nitrogen. 

One of the largest giant cells observed is seen in Fig. 39, from a 
ten-day oxygen animal. This cell, which bordered on a small gas 
vacuole contained over forty visible nuclei. These formed a tri- 
angular zone about a pale, somewhat granular central area. Adjacent 
to this ceU was another of similar character but with fewer nuclei. 
Occasionally large giant cells were found about masses of degen- 
erating collagen. Whether or not such cells were of monocytic or 
clasmatocytic origin was not determined. 

The tissues about the spaces in the oxygen and nitrogen animals 
showed definite changes. These were not always present following 
carbon dioxide administration but were observed with sufficient 
frequency to indicate that at certain periods there was a more pro- 
nounced reaction than at others and that the duration of the tissue 
change was shorter with carbon dioxide than with the other gases. 
Where any of the gases had been recently injected the connective 
tissue showed evidence of marked proliferative activity and ap- 
peared to be loose and areolar in character. Scattered throughout 
such foci there were considerable numbers of large mononuclear 
cells. Often varying amounts of a bright red, homogeneous, hyaline 
substance were also seen. This substance was accumulated most 
commonly at the edges of the gas spaces themselves, but some of it 
was situated within the newly formed tissue. This material re- 
sembled fibrin, and indeed much of it reacted as such when special 
staining methods were employed. 
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they were uniformly present. These large mononuclear cells varied 
in size. The smallest were approximately 8 to lo microns in diam- 
eter, while the largest were from 15 to 30 microns. In twenty-four 
to forty-eight hour animals they were found only occasionally, but 
after four days their presence was constant. 

Associated with these cells, which always predominated, there 
were sometimes others which were long and spindle-shaped. The 
latter cells resembled, morphologically, connective tissue cells from 
which, indeed, they may have originated. On the other hand, they 
may have been separated or desquamated cells from the walls of the 
gas spaces. In either case they appeared to be living cells at the 
time of fixation. Probably some of them corresponded to those con- 
nective tissue cells which, when studied in the living state were 
seen to be undergoing an apparent transition from fixed cells into 
free cells of the exudate. 

Giant cells with two, three, or even more nuclei were not uncom- 
mon in the exudate within the gas spaces. Such cells were usually 
round or oval and in many of them the nuclei were arranged in ring- 
like fashion about the center of the ceU. These giant cells resembled 
those which were often found in supravital smears which had been 
fixed and stained after the studies on the living cells had been com- 
pleted. All of the giant cells found free in the gas spaces were im- 
doubtedly the same as the large multinudeate epithelioid cells 
which were observed in the supravital preparations. Nothiag in 
their character or appearance, however, would lead one to suspect 
them of being epithelioid in type. But when the giant cells of the 
fixed supravital smears were carefully studied it was found that in 
many of them the neutral red vacuoles could still be made out, 
somewhat faintly to be sure, but clearly enough to enable one to de- 
termine that such cells had been epithelioid giant cells in the supra- 
vital preparation. There can be little question, therefore, that the 
free giant cells of the exudate, as observed in tissues which had not 
been stained with neutral red, were in fact mrdtinudeated epithe- 
lioid cells. In Fig. 40, there is a dump of large giant cells from a gas 
space in the tissues of an animal whidi had been given nitrogen for a 
period of two months. 

In addition to the giant cells which were free in the exudate there 
were in the sections others which were a part of the tissue itself. 
These were adjacent to, or bordered on, gas spaces. Such cells were 
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that they projected into the lumen of the vessel. Occasionally a 
mitotic figure was visible. There was no evidence, however, that 
any of these cells ever left the vessel wall, became phagocytic, or 
wandered into the adjacent tissues. 

With carbon dioxide, as we have previously stated, all of the tissue 
changes were less striking than they were with the other gases. In 
general the connective tissue was not loose and web-like in char- 
acter, but appeared quite dense. Gas vacuoles were not nmnerous, 
unless the animal was sacrificed within a very few hours after the 
last injection. Edema was less marked, exudative cells were fewer, 
and the whole reaction to the gas was less pronounced. Polymorpho- 
nuclear neutrophilic leukocytes were usually seen in considerable 
numbers, and their presence differentiated the reaction to this gas 
from that to either oxygen or nitrogen. Occasionally, however, 
vacuoles were numerous and large mononuclear cells were present 
in great numbers. 

The connective tissue in the oxygen and nitrogen animals was not 
always of the thin, areolar, proliferating character aheady de- 
scribed. In many places the tissues were compact and dense. Such 
foci were more common in animals which had received injections of 
gas for a week or longer, and it is thought that they represent true 
scars in which the fibrous tissue which had proliferated about gas 
spaces had become contracted and hyaline. Cell prohferation was 
no longer active. In such areas gas spaces often persisted, but they 
appeared to be quite old. They were separated from each other by 
thick strands of dense connective tissue similar to that just de- 
scribed (Fig. 28) and free cells were less numerous, either within the 
spaces or in the tissues about them. As time went on the dense, 
fibrous walls grew thicker, forming ultimately stiff, hyaline mem- 
branes which separated gas accumulations, as in Fig. 29 from a 
sixty-day nitrogen animal. 

Gas spaces were to be observed almost everywhere in the sub- 
cutaneous tissues of the oxygen and nitrogen animals. These were 
often very small and vacuole-like, but variations from such minute 
spaces up to bubbles which measured 2 to 4 mm. in size were noted. 
When the vacuoles were recent in their formation they contained 
much albmninous material and the tissues about them were thin, 
edematous and areolar in nature, and the borders of the spaces often 
consisted of a brightly red-staining, hyaline membrane which re- 
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While the cells which were present in these tissues varied some- 
what in size they all resembled those of the exudate in the gas spaces. 
Sometimes giant cells with two or more nuclei were present, but 
they- were less common here than they were in or near the gas 
vacuoles. The connective tissue cells themselves were large and dis- 
tinct, usually appearing to be spindle-shaped but not infrequently 
being branched or stellate in form. Their nuclei were round or oval, 
but occasionally were irregularly indented. With the hematoxylin- 
eosin stain their cytoplasm acquired a faint bluish tint and in gen- 
eral showed no structure other than a delicate reticulation. Such 
cells were frequently seen in the process of indirect division and 
mitotic figures were relatively numerous. About the hyaline masses 
described above, the proliferation of connective tissue cells was 
especially active. 

Often it seemed as if some of the fixed cells were actually forming 
free cells, for there were many places in the sections where apparent 
transitions from the one cell to the other were taking place. Such 
changes were most striking at the borders of the gas spaces where 
certain of the cells accumulated in the wall of the vacuole and ap- 
peared to be separating themselves from the tissue, much as the 
living cells in Fig. 19 were doing. Adjacent to, or intermingled with 
these cells which maintained but loose contact with the tissue and 
yet in many respects stiU resembled the connective tissue cells, 
there were free, rounded cells which were the same as those of the 
exudate. The inference that changes such as these represent a 
transition from connective tissue cell to free, large mononuclear 
cell rests on morphological evidence alone. But augmented by the 
findings in the supravital preparations, the inference seems to be 
justified in part, at least. Certainly the connective tissue cells them- 
selves were undergoing rapid proliferation, and many of them ex- 
hibited a morphological change from the normal cell type into that 
of the large mononuclear. The complete proof that there was a true 
transformation must await further investigation. The morpho- 
logical obser\^ations here recorded merely suggest the possibility 
of such a transition. 

The endothelial cells of the blood vessels in these areolar tissues 
were sometimes actively multiplying. This was especiall}’- true in 
the oxygen animals, less so in those which had received nitrogen and 
carbon dioxide. Such endothelial cells often became rounded up so 
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tion of elastic fibers, torn, wavy strands of old elastic tissue, usually 
coarse and thick, were found intermingled with the collagen. 

Although in places the homogeneous material which lined the gas 
spaces or the hyaline fragments which were present within them was 
actually derived from preexisting connective tissue, in other places 
such accumulations were composed of fibrin. Sometimes the fibrin 
formed the lining of the spaces especially when they were recent, 
Fig. 26. This lining often resembled the hyaline membrane found 
by Wolbach in the air spaces in emphysematous tissue. Sometimes 
it was present as scattered fragments within the gas spaces. And 
not infrequently it was situated in the tissues just outside the older 
gas spaces, surroimded by newly formed connective tissue which was 
apparently replacing it, Fig. 27. In this latter situation it formed 
the membrane-like layer which resembled the elastic lamina of 
arteries. 

Where fibrin was present in the tissues it was occasionally pos- 
sible to demonstrate long, thin fibrils of elastin which showed no 
evidence of rupture. These were in the immediate neighborhood of 
the fibrinous accumulations. They were so delicate, and their re- 
lationship to proliferating connective tissue cells so intimate, that 
it was difficult not to conceive of them as newly formed. But we 
have no other evidence of the actual production of elastin. 

Sometimes, as has been noted, fibrin or altered collagen formed 
the actual lining of gas spaces. This was true when the vacuoles 
were recent or new. At later periods, however, cells grew out and 
covered the hyaline membrane, thus transforming many of the gas 
spaces into cysts lined with endothelial-like cells and often containing 
some fluid. The new lining cells were sometimes large and rounded 
up, especially where the tissues were folded or bent, but more often 
they were flat. Figs. 28 and 29. They appeared first along the 
border of the hyaline material, as can be seen in places in Fig. 26. 
Gradually they grew out to cover it up, ultimately forming a layer 
of cells which was sometimes quite thick. Fig. 27. 

Spaces lined with flat cells were first seen three to four days after 
the beginning of the injections, and as time went on they became 
more numerous. In Fig. 28, from an oxygen animal of eight days, 
and in Fig. 29, from an animal which had had nitrogen injections for 
over two months, portions of such spaces are seen. Morpho- 
logically, the lining cells formed a membrane which resembled an 
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sembled the hyaline fragments found within some of the spaces and 
described above. When the vacuoles were older they were sur- 
rounded by dense fibrous strands which were lined with flat cells, as 
in Figs. 28 and 29. Such vacuoles usually contained but little fluid, 
but sometimes there was evidence that much had been present. Oc- 
casionally in the tissue just outside the lining of some of the spaces 
there were irregular masses of a red-staining substance which re- 
sembled that found in abundance in the tissues about the recently 
formed vacuoles. This material often partly or completely sur- 
rounded many of these older gas spaces, forming a more or less con- 
tinuous membrane which resembled the fenestrated elastic lamina 
of the arterial wallj Fig. 27. 

The nature of the deep reddish homogeneous material which was 
found in so many situations could not be determined from a study 
of hematoxylin-eosin preparations alone. Special staining methods 
were therefore employed. With Mallory’s anilin blue stain some of 
this material stained intensely red and in no way resembled col- 
lagen which stains uniformly a bright blue color. In other places, 
however, there was evidence of coUagen in some of the red-staining 
masses, but the collagen fibers appeared to be old rather than newly 
formed. They seemed to be undergoing a degenerative change in 
which the fibrils became fused and hyaline. They often had no con- 
nection with the surrounding tissue but lay free in the gas spaces, 
as in Fig. 22. With phosphotungstic acid hematoxylin there was 
again a distinction between the various accumulations of this 
material. Some of it took a deeply purplish tint and stood out 
sharply from the paler, amber-colored surrounding tissue. In other 
places, however, the homogeneous strands tinctorially resembled 
collagen, acquiring a yellowish brown color and appearing in some 
places quite homogeneous while in others it was faintly fibrillar. 

Some of the red-staining material noted in the hematoxylin-eosin 
preparations, therefore, was probably derived from collagenous 
strands wliich were stretched and distorted by the gases and often 
separated from the tissue. With anilin blue this collagen seemed 
to be degenerating but vdth phosphotungstic acid hematoxylin 
there was little except its homogeneous nature to differentiate it 
from collagen elsewhere. That coUagen was the source of some of 
this fibrin-hke material was further e\ddenced by the fact that when 
these tissues were stained by Verhoeff’s method for the demonstra- 
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cumulation of cells was undoubtedly about a vacuole of gas and in 
many ways it resembled the arrangement of cells about gas vacuoles 
in the supravital preparations. In another animal which had been 
injected with oxygen for ten days several small tubercles were seen 
in the tissue. One of these is shown in Fig. 35. 

In a third animal which had received daily injections of oxygen 
for twelve days, a larger nodule was foimd, Fig. 36. The typical 
cells within this lesion resembled those which were seen in the 
gas spaces described above. Almost without exception they were 
large mononuclear cells which were grouped about a small, clear 
central area adjacent to which was a giant cell. Most of the cells 
were not phagocytic but within a few of them there were small, 
darkly staining granules which are visible in the illustration. There 
was no evidence of gas in the structure, although the minute clear 
zone in the center may represent either the edge of a gas space which 
was above or below the level of the plane of section, or the remains 
of a vacuole from which the gas had been removed by the cells. 

Fig. 38 illustrates the structure which most simulated a tuber- 
culous lesion. It consisted of an elongated space, presumably caused 
by the gas (nitrogen). About the space there was an accumulation 
of large mononuclear and giant cells. The similarity to a tubercle 
was so striking that the isolated lesion might have been easily mis- 
taken for one caused by the tubercle bacillus. The giant cells were 
all of the Langhans type and, with the mononuclear cells, they sur- 
rounded the gas space in the same manner that monocytes surround 
the caseous material of a tubercle. 

Discussion 

By the subcutaneous injection of three gases, oxygen, nitrogen, 
and carbon dioxide, we have been able to bring about the local pro- 
duction of monocytes, modified monocytes, and epithehoid cells. 
Monocytes and modified monocytes were found in great numbers 
at the end of two to four days following the beginning of oxygen and 
nitrogen administration, and they were constantly present after 
that time. Carbon dioxide also stimulated the production of these 
cells, but to a lesser degree than did the other two gases. After three 
or four days epithehoid cells began to appear and were found in in- 
creasing nmnbers as the period of gas injection was prolonged. 
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endothelial or serous lining. It was often impossible, however, to 
differentiate the cells from the typical connective tissue cells which 
they simulated closely. Tinctorially they differed slightly, for their 
cytoplasm was stained more deeply blue than was that of the con- 
nective tissue cells, thus exhibiting a slightly more basophilic 
reaction. 

The lining cells are seen under higher magnification in Figs. 32 
and 34. Their endothelial or serosal character is there evident, and 
their active multiplication as lining cells is indicated by the presence 
of mitotic figures. Gas spaces lined by such cells were found with 
great regularity, and in no case was there evidence that the cells 
came from any tissue other than the adjacent connective tissue 
which usually formed a dense waU which grew thicker as time went 
on. The possibility of their origin from endothelium lining minute 
blood vessels or lymphatic spaces in the tissues could not, however, 
be definitely ruled out, even though prolonged search revealed no 
evidence of the outgrowth of endothelial cells. The fact that some 
of the spaces contained fluid may indicate that they were connected 
in some way with the local lymphatics and that the lining cells came 
from lymphatic endothelium. In the supravital preparations there 
was found a peculiar grouping of monocjrtes about gas vacuoles, 
especially oxygen, occasionally nitrogen. In the fixed tissues such a 
grouping of cells about gas bubbles was also noted. Fig. 25 shows 
a mass of large mononuclear cells about a clear zone which pre- 
sumably contained gas. The structure was found in the tissues of 
an animal which had received oxygen injections over a period of 
six days. It was present in one of the larger gas spaces which con- 
tained considerable fluid as was indicated by the granular precipi- 
tate about it. The radiating character of the cells was less evident 
here than in the living preparations, but the- grouping was thought 
to be significant. In Fig. 37 a similar structure is seen. This re- 
sembles more closely those observed in living preparations. 

Structures resembling true tubercles have also been found. In 
one animal which had received daily injections of carbon dioxide for 
three days there were many large mononuclear cells which lined 
some of the gas spaces and which arranged themselves at right angles 
to the wall, much as epithelioid cells do about a tubercle. In another 
place in the same section there was a tubercle-like structure in which 
the radiating character of the cells was most striking. This ac- 
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The latter cell they consider to be present in connective tissue every- 
where, although it is most common in the spleen, bone marrow and 
lymph nodes. In their study of the role of the monocyte in tuber- 
culosis, Cunningham, Sabin, Sugiyama, and Kindwall express the 
belief that the effect of the tubercle bacillus is to cause a local in- 
crease in the number of reticular cells and then definitely to force 
them toward the production of monocytes. In scrapings of con- 
nective tissue septa from a normal lung they were able to find re- 
ticular cells in very small numbers, but in specimens from the lungs 
of tuberculous animals the reticular cells were present in much 
greater numbers and they tended to form monocytes exclusively. 
The increase in the number of reticular cells in tuberculous infec- 
tions and the tendency of these cells in their maturation to form 
monocytes alone, they attributed to some chemical influence affect- 
ing the cells through the surrounding medium, for neither reticular 
cells nor young monocytes were found to contain the organisms. 
This concept they confirmed to some extent by studying the effect 
of injections of various fractions of the tubercle bacillus. 

Mallory,^® on the other hand, makes no distinction between dif- 
ferent types of large mononuclear cells. He classifies them all as 
“endothelial leukocytes,” and in his opinion they are derived from 
endothelium, either locally or at some distant point. It is these 
“endothelial leukocytes” that form the characteristic cells of the 
tubercle, both epithelioid cells and giant cells. 

By others, notably Maximow,^® the monocytes are thought to 
have their origin in a multipotential cell which is present in the con- 
nective tissues. Still others believe that they originate from a fixed 
connective tissue cell. Indeed Carrel and Ebeling,®® stud)dng the 
monocyte in tissue culture observed the reverse of the last process, 
for they assert that monocytes, under artificial conditions can be 
transformed into fiibroblasts. There is thus a wide variety of opinions 
as to the origin of the monocyte, but as yet there is not enough evi- 
dence to permit of any final decision. 

In the normal connective tissue we may consider the following 
cells or ceU types to be present. First, the connective tissue cell 
which is found everywhere: this is the ceU commonly caUed the 
“fi.broblast,” usually long and spindle-shaped, but not infrequently 
branching or steUate in form. By it coUagenous and elastic fibers, 
and fibroglia are considered by some to be formed. Second, the 
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Finally giant cells, many of them similar to the Langhans cell of 
the tubercle, were observed, appearing first at the end of about a 
week and becoming more numerous, larger in size and more com- 
plex in structure as time went on. Were it not for the absence of 
tubercle bacilli, it would have- been difficult in many cases to de- 
termine that the cells had not come from a tuberculous lesion. 

The reaction reached its height at the end of eight to ten days, for 
at that time the maximum number of cells of aU types was found. 
At later periods giant cells were larger and contained more nuclei, 
but the other cells remained about the same in number and in 
character. With oxygen and nitrogen these cells were found almost 
to the exclusion of cells of other types. Polymorphonuclear neutro- 
philic leukocytes and clasmatocytes were only rarely observed. 
With carbon dioxide, however, the total number of cells was less, 
and although monocytes predominated, there were also more 
neutrophilic leukocytes and dasmatocjrtes than were observed with 
the other gases. 

The presence of monocytes, modified monocytes, epithelioid cells 
and giant cells was determined by studying both tissue scrapings 
and tissue spreads by means of the supravital method for staining 
living cells. In sections of the fixed tissues stained with hematoxy- 
lin and eosin the predominating cells were large mononuclear cells, 
morphologically indistinguishable from the large mononuclear 
leukocytes of the blood. Giant cells were also found. One may 
reasonably assume that such cells in the fixed tissues were the same 
as the monocytes, modified monocytes and epithelioid cells which 
were found in the living preparations. 

The production of great numbers of monocytes, modified mono- 
cytes, and epithelioid cells by the subcutaneous injections of such 
simple irritants as the three gases mentioned above, brings up the 
question of the origin of these cells. Do they arise locally from some 
cell or cells in the connective tissue which under appropriate con- 
ditions can give rise to the monocyte? Or do they come to the sites 
of gaseous infiltration from the blood stream having been formed 
elsewhere in the body? We have reason to believe that the mono- 
cytes, in greater part at least, arise locaU3^ 

Cunningham, Sabin, and Doan believe that the monocytes, as 
well as all of the other white cells of the blood, come from a common 
primitive blood cell wluch itself is derived from the reticular cell. 
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modified monocytes were found. In preparations of fixed material 
it was also not unusual to fiind many free cells, apparently from the 
tissues, bordering on gas spaces and even on the verge of becoming 
completely separated. The local transformation of connective tis- 
sue cells into monocytes would explain the presence of the latter 
cells in such great quantities at the sites of injection. 

In Figs. i8 and 19 there are shown cells which we interpret as con- 
nective tissue cells which are undergoing transition into monocytes. 
In the first of the illustrations the cells are seen in the early stage of 
the transformation. In the second illustration, showing a late stage 
of the change, the usual morphology of the tissue cells is entirely 
lacking. The cells are well rounded up, save for thin threads of 
cytoplasm which still connect some of them with the parent tissue. 
Others are entirely free. In some of these cells there is a tendency to 
rosette formation on the part of the neutral red bodies, and in one 
cell which has lost aU contact with the tissue the rosette is well 
formed. Morphologically these cells are now almost identical with 
the cells of the exudate. 

From stained histological sections there was also evidence of the 
change from fixed tissue cells to free mononuclears, though one 
could make fewer inferences here than were possible in the supra- 
vital preparations. Almost ever3^here about the recently formed 
gas spaces, the connective tissue cells were proliferating in, great 
profusion. The stimuli for such widespread proliferation may be, 
first, the destruction or death of connective tissue cells which have 
been injmed mechanically; and second, the presence of fibrin which 
has not been removed by the cells of the exudate. That destruction 
of connective tissue cells took place is evident in the sections, and 
much of the proliferative activity on the part of iminjured cells can 
be ascribed to the process of regeneration. Fibrin was also present 
here and there in the sections, but it was never found in large quanti- 
ties, and certainly could not account for the tremendous activity of 
the connective tissue cells which were far removed from it. On the 
other hand, cell proliferation was constantly very active in the tis- 
sues at the edges of the gas spaces. Here it was not infrequently 
noted that large mononuclear cells aconnulated, and it is not tm- 
reasonable to assume that such cells actually originated in those 
situations. Were it not for the further evidence brought out in the 
supravital preparations, however, it would be impossible to make 
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reticular cell, believed by Sabin and her co-workers to be a primitive 
cell which gives rise to the white cells of the blood. Mallory and 
Parker on the other hand, do not admit of its separation from the 
“fibroblast,” and they speak of “reticular cell” and “fibroblast” 
as identical. Third, the wandering phagocytic cell, (the “macro- 
phage” of Evans,^^ the “histiocyte” of Aschoff and Kiyono, the 
“clasmatocyte” of Sabin et al., the “endothelial leukocyte” of 
Mallory), classified by Mallory as belonging to the large mononu- 
clear cell group, but separated from the monocyte by Sabin, Doan, 
and Cunningham on the basis of its reaction to supravital dyes. 
And finally, the endothelial cell which forms the lining of blood and 
lymph spaces. By Mallory and his school this ceU is considered to 
be the parent cell of the free phagocytic cells. 

In our preparations of the living cells and tissues supravitally 
stained, we were able to see apparent transitions from a fixed con- 
nective tissue cell to the monocyte. The tissue ceU appeared to be 
identical with the common connective tissue ceU or “fibroblast.” 
The earliest evidences of a change in this ceU were: first, the ap- 
pearance of small neutral red bodies within the cytoplasm near the 
nucleus, and second, the tendency on the part of the cell so altered 
to become contracted and rounded up. The vacuoles appeared as 
distinct structures very soon after the preparations were made. 
They were yellowish brown in color and resembled the vacuoles of 
the monocyte. UsuaUy they were grouped near the nucleus, but 
were not infrequently scattered throughout the cytoplasm. When 
the preparations had stood for some time the vacuoles increased in 
number. At a later stage the tendency of the ceU to rormd up be- 
came more pronounced and the neutral red bodies often assumed a 
rosette-like arrangement. In the final stage of the transformation 
the ceUs gradually became separate entities quite free from the tis- 
sue, each with a single oval or slightly curved nucleus and contain- 
ing a mass of relatively small neutral red vacuoles, usually arranged 
in a rosette and located in the hof of the nucleus. Such cells re- 
sembled the typical monocjde. 

In general such transitional types were found at the edge of a 
mass of connective tissue, and the impression gained was that they 
were in the process of becoming separated from the tissue. This 
condition might have easily existed at the edges of gas spaces, for it 
was •v\dthin these spaces that such great numbers of monocjTes and 
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preparations at least, the former cells were the most important 
source of the latter. The changes which took place during the pro- 
cess of transition have been described. It has been indicated that 
the epithelioid cells were large, contained dust-like neutral red 
bodies, and were often multinucleate. 

The cause for the transition from monocyte to epithelioid cell or 
epithelioid giant cell is not easy to determine. That the transition 
occurs we feel certain. Such a change might be the result of a stimu- 
lus which acted either from the outside or from the inside of the cell, 
such as the chemical alteration of the medium about the cell or the 
presence within its cytoplasm of some substance or substances taken 
up by it. In this connection it is interesting to note that carbon 
dioxide, which disappears most rapidly from the tissues, is the gas 
which is least active in producing the characteristic changes de- 
scribed. Nitrogen, on the other hand, which remains longest in the 
tissues is the most potent of the three gases in the production of 
epithelioid cells. Oxygen, both in its rate of removal and in its 
power to produce epithelioid cells lies between carbon dioxide and 
nitrogen. It must be borne in mind, however, that nitrogen is highly 
soluble in lipoidal substances and that its effect in producing epi- 
thelioid cells may bear some relation to this property. We have no 
evidence either for or against such a possibility. On the basis of our 
observations, however, we feel justified in saying that since all 
three gases are capable of producing epithelioid cells, since their 
potency in the production of these cells varies approximately in 
inverse ratio to the rate at which they are removed from the tissue, 
since they are all normally present in living cells, and since they are 
in no way related physically or chemically to each other, our evi- 
dence favors the view that the activity of these gases in causing the 
transformation of monocytes into epithelioid cells is not dependent 
upon their gaining access to the interior of the cells. 

The fact that oxygen, nitrogen, and carbon dioxide are all ef- 
fective even if in different degree, in the production of monocytes 
and epithelioid cells, indicates that these cells are not the result of a 
special type of irritant. The gases are elemental, or almost so, and 
although the number of cells and the amount of change in the cells 
differ quantitatively from the reaction in tuberculosis, the difference 
is one only of degree and not one of character. If the work of 
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such an assertion. We feel that the weight of evidence in our mate- 
rial, both living and fixed, indicates the local formation of the mono- 
cytes and suggests strongly the possibility of their formation, in 
part at least, from some type of fixed connective tissue cell. 

The reticular ceU as defined by Sabin, Cunningham, and their 
co-workers was not recognized in the supravital preparations. Ap- 
parently, unlike the tubercle bacillus the gases introduced did not 
produce a great initial increase in these cells. This lends further 
support to the view that the cells arising locally sprang from some 
other type of parent cell. In our opinion, as already stated, this 
other cell is the connective tissue cell itself. In fixed histological 
sections the reticular cell could not be identified. 

In the experiments reported here there was no evidence that 
monocytes, as such, ori^ated from the wandering phagocytic cell, 
or “dasmatocjrte,” of the connective tissues. The latter cell was 
readily recognized, although it appeared but rarely, and in none of 
the preparations was there any evidence of transitions from one type 
to the other. 

The endothelial ceU likewise seemed to play no part in the forma- 
tion of the monocytes. OccasionaUy, especiaUy in animals which 
had received oxygen, these ceUs showed evidence of proUferative 
activity, and they were often rounded up so that they projected into 
the lumen of the vessel. But no evidence was found that they be- 
came separated from the vessel waU or wandered into the tissues. 
Apparently their multiplication was brought about by injury to the 
vessel wall, and their activity was whoUy regenerative in nature. 
Rarely, in regions where there was active connective tissue proU- 
feration about masses of fibrin they were also foimd in the process 
of division. Even in these situations there was no evidence that 
they became transformed into free cells. 

In our experiments the only irritants used were simple gases. 
Their action was to cause not only the production of great quantities 
of monocytes, but also in some way to cause them to undergo certain 
changes which resulted in the formation of epitheUoid cells and epi- 
thelioid giant ceUs. The nature of these changes is not dear, nor are 
we as yet able to say that epithelioid cells can not be derived from 
some other ceU tjqie as, for example, the dasmatocyte. But we do 
feel that the large munber of transition forms between monocytes 
and epithelioid cells which have been found indicates that, in our 
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from them by a thin layer of newly formed tissue. This was the 
lamella-like structure which was thought to resemble the fenestrated 
elastic coat of an artery. 

By means of VerhoeS’s stain for elastic tissue it was shown that 
wherever old collagen was present it was not unusual to find con- 
siderable numbers of tom or frayed elastic fibers which stood out 
sharply from the surrounding tissue. Unquestionably these strands 
resulted from the rupture of preexisting elastic fibers, for they were 
coarse and thick. Where the tissue cells were prohferating about 
masses of fibrin, however, long, thin, delicate strands of elastin were 
often seen in the new tissue. These differed markedly from the 
coarse, wrinkled, wavy fragments found in the older tissue and de- 
scribed above. They appeared to be newly formed, a definite part of 
the new tissue in which they were present. It is possible that under 
the conditions of unusual tension due to the continued presence of 
gas, the connective tissue cells may be stimulated to produce elastin. 
Definite proof of the new formation of elastic tissue cannot be given 
here, but the findings strongly suggest such a possibility. 

When the gas spaces had existed for a considerable period of time, 
as for example, six days or longer, their walls became dense and 
fibrous, and were lined with flat, mesothelial-like cells which formed 
a continuous membrane about the individual spaces. The origin of 
these cells presented a difficult problem. Connective tissue, as far 
as we know, does not usually form the lining of a normal space, ex- 
cept, according to MaUory,^^ on the inner surface of the dura where, 
in his opinion, the so-called “dural endothelium” consists of a layer 
of flat connective tissue cells. Clarke,^^ however, believes that a 
flat, mesothelial-like lining may be formed by connective tissue cells 
about accidental spaces caused by introducing solid foreign bodies 
(ceUoidin, paraffin) into the tissues. He holds also that flat cells 
lining serous surfaces or blood vessels “may regenerate from deep 
connective tissue cells and do not necessarily arise from adjacent 
intact mesothelial or endothelial cells.” 

In the subcutaneous tissues of our animals the only fixed tissue 
cells available to form a lining to the gas spaces were endothelial 
cells from the neighboring blood and lymph vessels, or the con- 
nective tissue cells themselves. In sections of the fixed tissues it 
was possible only to identify the lining layer as such, for little could 
be determined about the type of the individual cells. The only 
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Campbell, Mclver, Redfield and Benedict, and others, be con- 
sidered then we must feel that the non-specific character of the 
reaction is quite definite, for these investigators have shown that 
when any of the above-named gases are injected into the sub- 
cutaneous tissues or into a natural cavity they remain but a short 
time before they contain, mixed with them, other gases which have 
come by diffusion from the blood. Thus the reaction observed in 
our experiments is not one which came as a response to a single pure 
gas, but to a gaseous mixture which varied in each animal. 

Wolbach, in his brief description of the air spaces in emphyse- 
matous mediastinal tissues, mentions a thin, fibrinous membrane 
which lined the spaces. This membrane resembled that which he 
found lining many of the alveoli and alveolar ducts in the lungs of 
patients who had died of pneumonia following influenza. There is 
no description of a cellular exudate in the emphysematous spaces or 
in the tissues about them. In fixed preparations from our animals 
we frequently found in sections stained with hematoxylin and eosin 
various deposits of an intensely red-staining, hyaline, fibrin-like 
substance. This material was found in various situations. Often it 
appeared as fragments in the gas spaces. Occasionally it lined the 
spaces, forming a thin, flat membrane similar to that described by 
Wolbach. Frequently it was incorporated in the tissues about the 
gas spaces. The nature of this substance could not be determined in 
preparations stained by the routine method, and various special 
stains were employed. It was then foimd that the hyaline material 
stained sometimes like fibrin, sometimes like collagen. A double 
ori^ was therefore indicated, some coming from the tissue fluids 
under conditions which could readily result in the formation of 
fibrin, and some coming from collagen fibers which had degenerated 
and formed fused, hyaline strands. The isolated fragments which 
were present in the gas spaces stained as often like fibrin as they did 
like collagen. The thin, lining membranes also gave the two reac- 
tions, though in the majority of cases they gave the reaction for 
fibrin. Not infrequently it was possible to see flat or spindle-shaped 
cells growing out along the borders of such fibrinous membranes. 
These cells gradually surrounded the fibrinous layer so that in 
later stages the fibrin was isolated as a sort of hyaline membrane 
surrounding, or partly surrounding, the gas spaces but removed 
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and as the time of exposure to the gases became longer these cells 
underwent changes similar to those which are known to occur in 
true tubercle. The reaction to the gases was found to differ only in 
degree from that which characterizes tuberculosis. 

Not infrequently structures which resembled the anatomical 
tubercle in form were observed. In the supravital preparations, for 
example, accumulations of modified monocytes were seen about 
small vacuoles of gas. Two such masses are shown in Figs. i6 and 
17. These structures exhibited a radiating collection of cells which 
extended pseudopodial processes toward the edge of the vacuole, 
thus simulating to some degree the form of the tubercle. The gas 
vacuole occupied a place comparable to that occupied by necrotic 
or caseous material in the tubercle. These structures were appar- 
ently free in the fluid which was present in most of the gas spaces. 
They were not a part of the tissue. 

In histolo^cal sections from some of the animals accumulations 
of cells similar to those noted above were sometimes seen, as in 
Figs. 25 and 37, but they were not numerous. On the other hand, 
deep within the tissues themselves there were many lesions which 
approached the tubercle in their histological structure. Such lesions 
are seen in Figs. 35, 36, and 38. The first is quite small and indefi- 
nite, but suggestive. The second contained no gas but consisted of 
an accumulation of large mononuclear cells and one giant cell which 
resembled those found in the gas spaces. In our opinion this cel- 
lular structure probably formed about a gas vacuole. The gas had 
either been removed before the time of death of the animal, or the 
accumulation of cells represented a tangential section through the 
edge of a vacuole. Fig. 38 shows a structure which resembles still 
more closely the lesion of tuberculosis. Epithelioid-like cells could 
be recognized; and giant cells, almost all of the Langhans type, 
were present. The relationship of this lesion to a gas space was 
evident. Lesions such as these found in the affected tissues indi- 
cate that the gases injected, in addition to producing cells which 
supravitally stained resemble those of tuberculosis, are also capable 
of bringing about tissue changes which histologically resemble the 
anatomical tubercle. 
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recognizable difference between the lining cells and the connective 
tissue cells that lay beneath them was that the cytoplasm of the 
former was more basophilic than that of the connective tissue cells. 
It was not possible to demonstrate the formation of collagen or 
elastin about such lining cells as were studied in specially stained 
preparations. 

Many attempts were made to discover outgrowths of endothelial 
cells to form the space lining, but nothing to suggest an endothelial 
origin was found in the sections. Occasionally red blood cells were 
seen in the gas spaces which were lined with the flat, cellular mem- 
brane, bflt since these could have come in as a result of hemorrhage 
at the time of autopsy, their presence did not help to prove the 
endothelial character of the lining. Certainly there was no evidence 
that blood was circulating within the spaces. Fluid, however, was 
sometimes present, as indicated by a granular precipitate. This 
might favor the view that such cavities had become lined with 
endothelium from lymph channels and were therefore a part of the 
lymphatic system. We have no other evidence, however, in favor of 
this concept. That these lining cells came from the various cells of 
the exudate does not seem probable because of the difference in 
their reactions to neutral red. For the moment the nature of the 
cells which lined these older gas spaces must be left undetermined. 
The evidence that they may have originated from connective tissue 
cells, especially in the light of Clarke’s observations, can not be 
cast aside. 

Since these studies were carried out in conjunction with work 
now going on in various centers on the tissue and cellular reactions in 
tuberculosis, it is important to relate the findings in our experiments 
to those found in studying the disease itself. By the simple subcu- 
taneous injection of various gases we have produced in large numbers 
the cells characteristic of this disease. At the ver}'- earliest periods, 
twenty-four to forty-eight hours, poljmiorphonuclear neutrophilic 
leukocytes were foimd in considerable numbers. These may be con- 
sidered as coming out in response to the primary mechanical injurv^, 
for after forty-eight hours they were practically absent, except in 
animals wlfich had received carbon dioxide. Their presence in such 
numbers following injections of this gas must bear some relation to 
the gas itself or to its effect on the tissue cells. With the other gases, 
however, the cellular response was almost entirely a monocytic one, 
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Summary and Conclusions 

1. By the subcutaneous injections of oxygen, nitrogen, and car- 
bon dioxide there have been produced large numbers of monocytes, 
modified monocytes, epithelioid cells, and epithelioid giant cells 
which resemble those of tuberculosis as seen in supravital prepara- 
tions. 

2. The causes for this reaction are non-specific. 

3. Monocytes are considered to arise locally, originating from 
some type of fixed connective tissue cell. 

4. Epithelioid cells and epithelioid giant cells appear in these 
experiments to arise almost entirely from monocytes, the cause of 
the transformation being evidently due to some chemical change in 
the medium about the cell. 

5. Histological structures resembling true tubercles have been 
found in considerable numbers. 

6. Fibrin is present in the gas spaces, often forming a thin mem- 
branous lining. 

7. The new formation of elastic tissue is suggested about gas 
spaces where tissue cells are under tension. 

8. Spaces lined with flat, mesothelial-like cells and containing 
both gas and fluid are found after six or eight days. The lining 
cells are thought to originate from connective tissue cells, although 
endothelium can not be ruled out as a source. 
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Fig. 12. Multinucleate epithelioid cell from a ten-day nitrogen animal. 

Fig. 13. Binucleate epithelioid cell from a four-day nitrogen animal. 

Fig. 14. Large, multinucleate epithelioid cell apparently in the process of 
direct division. Note fine neutral red granules and their distribution not 
only in the individual cells but also in the long strand of cytoplasm which 
coimects them. 

Fig. 15. Large cell from twelve-day carbon dioxide animal. This cell con- 
tains, in addition to many fine, brownish red granules which resemble 
those of the monocyte, still larger masses which stained with varying 
shades of red. Some of the latter were pale pink in color, others bright red. 
Such cells were quite common following carbon dioxide injections but were 
not seen in preparations from oxygen and nitrogen animals. This cell is 
apparently of monocytic origin. 
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DESCRIPTION OF PLATES 

Figs. 1 to 2r are drawings made from living cells stained with neutral red. 
The red vacuoles are shown in black and the occasional fat globules are shown 
as circles. The cells shovm in Figs, i to 9 were found in the exudates of animals 
which had received gas injections for a period of four or more days and are 
characteristic of the cells found in such animals. They were fewer in number 
following carbon dioxide than after the administration of oxygen or nitrogen. 

Figs. 22 to 40 are photomicrographs made from sections of tissue removed at 
autopsy and prepared in the usual manner. 


Plate rS 

Fig. I. Modified monocyte from subcutaneous tissues of guinea pig which had 
received daily injections of o.xj’'gen for four days. Note small granules of 
neutral red grouped in rosette formation. A few fat droplets are present. 

Fig. 2. Modified monoC3'^te of large size from a four-day oxygen animal. The 
rosette is formed by veiy small granules of neutral red. 

Fig. 3. Binucleate modified monocyte from a four-daj’- oxygen animal. The 
neutral red bodies are larger than in the preceding cells. 

Fig. 4. Large modified monocjle which borders on epithelioid type. From an 
oxygen animal of four days. Neutral red vacuoles are very small and 
are more numerous than in the other cells. 

Figs. 5-9, incl. Group of five modified monocytes from a four-day oxygen 
animal. One cell has three nuclei and a small mass of foreign material. 

Fig. 10. Large, binucleate, early epithelioid cell from a seven-daj' oxj'gen 
animal. The neutral red vacuoles are small, granular, and quite regular 
in size. Two distinct rosettes are present. A nmnber of fat vacuoles 
are scattered in the peripheral cj'toplasm. 

Fig. it. Large epithelioid giant cell from a fourteen-daj' nitrogen animal. 
This cell is characteristic of the majorit}'- of epithelioid giant cells found 
after the injection of oxygen and nitrogen. It was not commonlj' seen fol- 
lowing carbon dioxide administration. Note the great mass of dust-like 
neutral red granules in the center of the cell. Fat vacuoles are present 
in small numbers. 
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Fig. 16. Small bubble of gas (oxygen) surrounded by three modified mono- 
cytes which extended sucker-like processes of cytoplasm to be applied to 
the edge of the vacuole. The cells contain neutral red rosettes and small 
granules of neutral red are seen in the cytoplasmic processes. A few fat 
droplets are also seen in each ceU. 

Fig. 17. a larger bubble of oxygen from the same preparation as the preceding, 
showing many modified monocytes arranged in radiating fashion about the 
vacuole. Both of these structures occurred in animals which had received 
oxygen for seven days. In its form this structure suggests the arrange- 
ment of epitheUoid cells about the peripherj' of a tubercle. 

Fig. 18. A group of connective tissue cells which show the early stage of the 
transformation of these cells into monocytes. The cells have more cyto- 
plasm than normal and considerable numbers of small neutral red vacuoles 
are present. There is also a tendency on the part of the affected cells to 
become wider than usual. Many of them are stUl connected with adjacent 
cells by thin strands of cytoplasm. Two monocytes are present between 
the cells. 

Fig. IQ. A later stage in the transformation of fixed tissue cells into monocytes. 
Here the cells are well rounded up and are connected noth the tissue by 
single strands of c3doplasm. The neutral red vacuoles appear smaller than 
in the previous preparation and a tendency to rosette formation is noted. 
Several of the cells have become completely detached and in one of them 
there is a distinct rosette. Two tj'pical modified monocytes are also present. 

Fig. 20. Two large epithelioid cells from a four-day nitrogen animal. These 
were foimd in a tissue spread. Fine granulation of the neutral red material 
is noted and rosette formation is distinct. The lower cell has two nuclei. 

Fig. 21. Monocyte dividing by direct division. Daughter cells contain distinct 
rosettes. Fat droplets are present in the cytoplasm. Complete separation 
of the cells has not occurred. 
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Fig. 22. Photomicrograph of a gas space in an animal which had received 
oxygen injections for twelve days. Note the many cells, the albuminous 
granules, and the fragments of tissue which in places is becoming hyahn- 
ized. Phosphotungstic acid hematoxylin stain, x 150. 

Fig. 23. Photomicrograph of cells from same animal as above. All the cells 
are large mononuclears, resembling the large mononuclear leukocytes of 
the blood. These cells are undoubtedly the same as the monocytes and 
modified monoc3'-tes found in supravital preparations. Phosphotungstic 
acid hematoxylin stain, x 1350. 
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Fig. 24. Photomicrograph from animal which had received oxygen for twelve 
days; to show t3’’pical appearance of newly formed gas spaces. Note groups 
of cells within the spaces and the evidence of fluid. The edges of the spaces 
are lined mth thin strands of fibrin. The surrounding connective tissues 
are thin and edematous and there is active proliferation of tissue cells. 
Hematox3din and eosin stain, x 60. 

Fig. 25. Photomicrograph of a group of large mononuclear cells about a clear 
space (gas) . This group was found in a large gas space of an animal which 
had received oxygen for six da3's. There are many albuminous granules 
about the structure, indicating abundant fluid. The structure resembles 
those found in the supravital preparations, Figs. 16 and 17. See also Fig. 
37, a higher magnification of a similar, but smaller, structure. Hematox3din 
and eosin stain, x 480. 

Fig. 26. Photomicrograph of the edge of a recently formed gas space to show 
the thin lining membrane of fibrin which was not infrequently found in these 
situations. The fibrin is closel3’’ adherent to the tissues and in the lower 
part of the illustration it blends imperceptibly into strands of old col- 
lagen. Note the edematous condition of the spaces and the tissues sur- 
rounding them. Phosphotungstic acid hematoxylin stain, x 310. 

Fig. 27. Photomicrograph of thin, homogeneous layers of fibrin becoming in- 
corporated into the tissues about a gas space. Here the fibrin is quite old 
and h3mline. About it connective tissue cells have proliferated separating 
it complete^ from the space. Such wav3’ strands of fibrin resemble the 
elastic coat of an artery. Phosphotungstic acid hematox3"lin stain, x 150. 
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. 28. Photomicrograph of strands of connective tissue separating old and 
compressed gas spaces. Note how the tissue is becoming thick and dense. 
Cell proliferation has practicall}’- ceased. Note also the layer of flat or 
somewhat spindle-shaped cells which form the lining membrane of the 
gas spaces. In places these cells or others just beneath them are in the 
process of indirect division. These cells are thought to originate from the 
underlying connective tissue cells. Hematox3'lin and eosin stain, x 310. 

. 29. Photomicrograph of a portion of a strand of connective tissue separat- 
ing old gas spaces in an animal which had received nitrogen injections for a 
period of two months. Note the greatly increased thickness of the fibrous 
wall, the dense, hyaline character of the connective tissue and the absence 
of exudative cells. The flat cells which line the gas spaces resemble those 
in the preceding figure although they are less regular. Mitotic figures 
were not infrequently found in these cells. Hematoxylin and eosin stain. 

X 310- 
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Fig. 30. Photomicrograph of a large giant cell of Langhans t}^e at edge of a 
gas space. From an animal which had received nitrogen injections for 
eight days. The nuclei are arranged in the part of the cell which is farthest 
removed from the gas space and a cytoplasmic process projects toward 
the gas vacuole. Hematoxylin and eosin stain, x 480. 

Fig. 31. Photomicrograph of a giant cell at the border of a gas space, from an 
eight-day nitrogen animal. This cell, though flattened, resembled the 
Langhans type of cell. Hematoxylin and eosin stain, x 480. 

Fig. 32. Photomicrograph of a mitotic figure in one of the flat or spindle-shaped 
cells which form the lining of an older gas space. Hematoxylin and eosin 
stain. X 1 100. 

Fig. 33. Photomicrograph of a large cell at edge of gas space, showing triple ' 
mitosis. This suggests that some of the multinucleate or giant cells might 
have been formed as a result of such abnormal types of cell division. 
Hematoxylin and eosin stain, x iioo. 

Fig. 34. Photomicrograph of flat lining of older gas space, showing one cell in 
process of indirect division. Hematoxylin and eosin stain. X rioo. 
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Fig. 35. Photomicrograph of a tubercle-like structure consisting of an ac- 
cumulation of large mononuclear cells in connective tissue between muscle 
fibers. The lesion appears to have formed about a gas vacuole, the re- 
mains of which may still be seen. Two or three giant cells are present. 
From an animal which had received oxygen injections for ten days. 
Hematoxylin and eosin stain, x 480. 

Fig. 36. Photomicrograph of a small, round, tubercle-like nodule consisting of 
an accumulation of large mononuclear cells and a single giant cell. Some 
of the cells contain phagocytized material. The clear zone in the center 
suggests that the lesion developed about a gas space. The distribution of 
the cells suggests an “onion-layered” arrangement. Hematoxylin and 
eosin stain, x 4S0. 

Fig. 37. Photomicrograph of an accumulation of large mononuclear cells about 
a gas vacuole. From a twelve-day oxygen animal. This, like Fig. 25, re- 
sembles the arrangement about gas vacuoles noted in the supravital pre- 
parations. Some of the cells in this illustration appear to radiate from the 
gas space.' Phosphotungstic acid hematoxylin stain, x 1350. 

Fig. 38. Photomicrograph of a lesion which closely resembles a tuberculous 
process. Here there is an accumulation of large mononuclear and giant 
cells about a gas space. From an eight-day nitrogen animal. Note the 
numerous giant cells and the resemblance of many of them to the typical 
giant cells of true tubercle. Phosphotungstic acid hematoxyfin stain. 

X 150. 
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Fig. 39. Photomicrograph of a large giant cell in the tissues at the edge of a 
gas space from a ten-day oxj’^gen animal. More than forty nuclei were 
counted in this cell. It is one of the largest observed in any of the pre- 
parations. Note the arrangement of the nuclei about a clear space. This 
resembles the central region in many of the epithelioid giant cells observed 
in the supravital preparations. In the latter cells the central zone usually 
contained countless numbers of dust-like neutral red bodies. Hematoxylin 
and eosin stain, x iioo. 

Fig. 40. Photomicrograph of a group of large giant cells found in a gas space 
from an animal which received nitrogen for a period of two months. Each 
cell contains many nuclei. Hematoxylin and eosin stain, x 630. 
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, It was noted also that the medulloblastomas were very sensitive 
to radiation and subsequent experience has been consistently favor- 
able as described by Bailey; Sosman, and van Dessel.® Similar re- 
sults have been obtained by Olivecrona and Lyshohn, Yet in spite 
of a radical surgical extirpation followed by subsequent radiation, a 
recurrence of symptoms with ultimate fatality has been the invari- 
able rule. It is with the end-results in some of these more thoroughly 
treated cases that I wish to deal in this communication. The record 
of the first patient will be given briefly since it has already been re- 
corded by Bailey, Sosman, and van Dessel (Case 4). 


CASE 1 . Clinical History: (Surg. No. 13981) J. H., aged 6 years, was ad- 
mitted Feb. 9, 1921, referred by Dr. E. Koplik of New York City. He bad a 
t3T)ical S3Tidrome of a central cerebellar tumor and a suboccipital operation was 
performed Feb. 14, 1921, during which only the inferior portion of the tumor, 
which projected downward into the spinal canal, was removed. He was then 
given roentgen treatments with such a prompt and thorough improvement that 
treatment was stopped in May 1921, after only fom treatments, and he re- 
mained well rmtil March 1925. 

When he was readmitted (Surg. No. 23390) on March 10, 1925, he had so 
few symptoms that it was decided to give him another roentgen treatment and 
let him go home. The treatment was given March 23rd. It was followed by 
vomiting, and gradually developing coma, so that by 5 a.m. March 24th, he 
was unconscious. An immediate suboccipital operation was performed. The 
bone had completely reformed over the cerebellar region. A soft, centrally 
placed tumor was found which was apparently removed in toto. He recovered 
promptly. The removal had been so complete that no roentgen treatment was 
advised. 

His symptoms returned in September of the same year and he was readmitted 
(Surg. No. 25444) on Dec. 24, 1925, with bilateral choked discs and marked 
symptoms of cerebellar involvement. On Jan. 4, 1926 the suboccipital region 
was again explored. The whole right cerebellar fossa was filled with soft neo- 
plastic tissue in which was a large cystic cavity. Because of his poor general 
condition an extirpation was not attempted until January 15th. It was not 
successful because of involvement of the bulbar nerves in the tumor. He was 
discharged February i6th, and died on May 31, 1926. 

Comment: It was concerning this patient that Bailey and Cush- 
ing ^ expressed themselves so optimistically in 1926 following his 
second operation. In fact they were so confident that a complete 
extirpation had been accomplished that no postoperative radiation 
was advised, undoubtedly an error in judgment in view of the sub- 
sequent clinical course. That roentgen therapy is able to prevent a 
local recurrence for long periods of time is proved, among others, 
by the following case. 



FURTHER NOTES ON THE CEREBELLAR AIEDULLOBLASTOAIAS * 
THE EFFECT OF ROENTGEN RADIATION 

Peecival Bailet, M.D., Ph.D. 

{From the Surgical Clinic of the Peter Bent Brigham Hospital, Boston, Mass.) 

Jn 1925 I isolated, and described with Harv^ey Cushing,^ a com- 
mon type of midcerebellar glioma of childhood of which I foimd 
twenty-nine examples in Dr. Cushing’s- collection. These tumors 
were very cellular, consistently rapid in evolution, and were situated 
almost invariably in the central part of the cerebellmn just over the 
fourth ventricle. Tumors of similar type have since been recognized 
and reported by Olivecrona and Lysholm ® and others, and I have 
observed thirty-four new cases up to June 1929. 

These midcerebellar medulloblastomas are composed for the most 
part of carrot-shaped cells with delicate cytoplasmic extensions 
which form, among the nuclei, clear spaces known as pseudoro- 
settes or ball-like spaces (Markballen), Wright.'* Spongioblasts are 
numerous and I was inclined to call the tumors spoil gioUasloma 
indifferentiale until I found that the neoplastic cells apparently dif- 
ferentiated also into neuroblasts, whereupon I coined the term 
medulloblastoma. This term indicates that the cells represent an 
embryonic stage earlier than either the spongioblast or neuroblast, 
a stage corresponding to the indijferente Zellen of Shaper, or medul- 
loblasts as I prefer to call them. Neuroblasts had previousl}’’ been 
identified in what appear to have been tumors of this type by 
Vanzetti,® and by Masson and Dre)dus.® 

Experience with the surgical removal of these growths prior to 
1925 had been very disappointing but was later more successful, and 
Bailey and Cushing ' were led to express themselves more hopefully 
concerning their prognosis. They said in 1926 that they had had 
one or two apparently successful extirpations ... so that under 
favorable circmnstances, in spite of its desperate situation, a more 
radical attempt at extirpation than has commonly been made in the 
past may be justifiable.” 

* Received for publication October 4, 1029. 
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Operation: The operation was performed on May 7th, and disclosed an 
enormously dilated fourth ventricle filled with clear cerebrospinal fluid. The 
iter was widely distended and in its depths could be seen the posterior com- 
missure. The whole cavity formed a great cyst completely closed, except for the 
iter, by a smooth, glistening wall. On the left side of the ventricle, where tumor 
had been left at the previous operation, was a flat yellowish gray nodule about 
half a centimeter in ^ameter. This nodule was removed. High up on the right 
side was another small mass of tumor which was destroyed by the electric 
cautery. The cyst wall could not be separated from the dura so as to allow ac- 
cess to the peripontine region. 

The child was quite well \mtil May 17th when he suddenly developed a 
h5q)erthermia. Kepeated lumbar punctures, punctures of the fourth ventricle 
and of the lateral cerebral ventricles tided him over this period, but he sub- 
sequently declined and died Aug. 8, 1928. 

Microscopic Structure of the Tumor: The neoplastic tissue re- 
moved at the first operation, as previously mentioned, showed the 
typical structure of a medulloblastoma, being composed of small 
cells with scanty delicate cytoplasm elongated at one extremity. 
The open spaces formed by the cytoplasmic extensions were very 
prominent (Fig. lu) including numerous pseudorosettes. Spongio- 
blasts could be identified but no neuroblasts. Mitotic figures were 
numerous and almost invariably quite normal. 

The fragment of tumor removed at the second operation differed 
widely in structure. The pseudorosettes were absent. Innumerable 
giant cells containing a dozen or more nuclei were seen everywhere 
(Fig. i&). Mitoses were frequent, but rarely normal (Fig. 2). The 
tissue was greatly degenerated and contained much fat. 

Comment: It is evident that the growth of the tumor in this case 
had been effectively checked by the radiation, the symptoms having 
been due to block of the circulation of cerebrospinal fluid by the 
cerebellum which was plastered everywhere to the wall of the sub- 
tentorial cavity in such a way that the obstruction could not be 
relieved at operation. 

In several other cases there have been no signs of a local recur- 
rence in the region of the cerebellum after a period of several 
months, but the patients have died from extension of the tumor else- 
where. It was for this reason that radiation was given to this patient 
over the entire spinal canal, in the hope that a possible intraspinal 
extension might be kill ed before it began to develop. 

In the following two cases such an extension occurred and was 
subsequently treated by the roentgen rays with transitory improve- 
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CASE 2 . Clinical History: (Surg. No. 30085) D. M., aged 5 years, was ad- 
mitted Nov. 12, 1927, referred from the Children’s Hospital, and complaining 
of dizziness and vomiting. 

In August 1927, the child began to vomit without nausea, usually in the 
morning. In October he complained of dizziness and staggered when walking. 
Two weeks later his vision failed and he complained from time to time of pain 
in the back of his head. 

He was admitted to the Children’s Hospital where a suboccipital operation 
was performed by Dr. Horrax on November 7th. A midline cerebellar tumor 
was disclosed but no attempt was made to remove it because of the child’s 
general feeble condition. 

When admitted to the Peter Bent Brigham Hospital there was present marked 
hypotonicity of all the extremities with incoordination predominating in the 
legs, left internal strabismus, nystagmus on looking to right and left, and reced- 
ing choked discs. 

On Nov. 15, 1927, the suboccipital region was again opened, and a fairly 
complete extirpation was made of a t5T)ical meduDoblastoma of the central 
cerebellar region, opening widely the fourth ventricle. A fringe of tumor was 
left on the left margin of the ventricle. 

There was a slight postoperative hjT>erthermia after which the child recovered 
promptly and was discharged Dec. ii, 1927. At this time he was relieved of all 
subjective symptoms but was so incoordinate as to be imable to walk alone. 

Microscopic examination of the tumor removed showed the typical structure 
of a medulloblastoma with numerous pseudorosettes (Fig. 10). No neuroblasts 
were identified by Cajal’s reduced-silver method. He was therefore given X- 
ray treatments as follows: Dec. 5, 1927, cerebellar area; Dec. 8, 1927, cerebellar 
area; Jan. 18, 1928, cerebellar area, cervical and upper dorsal spine; Jan. 25, 
1928, lower dorsal and lumbar spine; Feb. i, 1928, cerebellar area and upper 
dorsal spine; Feb. 8, 1928, lower spine; April 23, 1928, cerebellar area, cervical 
and upper dorsal spine; April 26, 1928, cerebellar area, cervical and upper 
dorsal spine; April 30, 1928, lumbar spine; May 6, 1928, lumbar spine. A target 
distance of 40 cm. was used, 4 ma., 182 kv., 5 cu. and i al. filter, 30 minutes 
exposure, except for the treatments of April 26th, and May 6th when only 20 
minutes were given. These treatments were followed by nausea and vomiting 
for two or three days. 

He was examined on Jan. 18, 1928. The fundi showed marked secondary 
atrophy without choking. There was a slight left abducens palsy and slight 
nystagmus. The suboccipital region was not bulging. He w'alked alone but 
with a broad base. There had been no headaches nor vomiting. On February 
iSth his mother reported that he had been vomiting since his last treatment. 
He was much more unsteady in w^alking and the suboccipital region w’as full but 
not pmticularly tense. By April nth he was having frequent headaches and 
vomiting and tlie suboccipital region was quite tense. Since the subsequent 
radiation produced no improvement he w’as readmitted to the hospital. 

Second Admission: (Surg. No. 311S1) At this time he was veiy incoordinate 
although still able to walk alone. There was a marked n3'stagmus and a sug- 
gestive Babinski-response on the left side. The suboccipital region was bulging 
but there was no choking of the optic discs. He was much emaciated and on the 
ward became increasing!}’- apathetic. These symptoms, together with the head- 
aches and vomiting, indicated a local recurrence for which an exploration was 
advised. 



130 


BAILEY 


nerve fibers could be impregnated in the tumor and nothing resem- 
bling neuroblasts was found. Reticulin was scanty. There were very 
few pseudorosettes (Fig. 4a). The tumor was undoubtedly a medul- 
loblastoma although more spindle-celled than usual. Mitoses were 
numerous. 

The nodules on the surface of the spinal cord at autopsy, we were 
surprised to find, consisted almost exclusively of bands of collagenic 
tissue (Fig. 46). Cells were rare; the nuclei pyknotic, and mitoses 
were infrequent and abnormal. Underlying the nodules of tumor 
there was an extensive gliosis. One area was found in which the 
tumor had actually invaded the substance of the cord (Fig. 6b). 
The roots of the spinal nerves caught in the nodiiles of tumor 
showed increase in connective tissue and degeneration of the myelin 
sheaths. The blood vessels were often thrombosed or occluded, ap- 
parently by pressure of the surrounding collagenic tissue aided by 
proliferation of the intima. 

Comment; In those cases of extension of medulloblastoma into 
the spinal leptomeninges which have not been treated with the 
roentgen rays, there is much more connective tissue in the meningeal 
extension than in the original cerebellar tmnor (cf. Fig. 5), but the 
tmnor remains very cellular, and the connective tissue consists 
mainly of strands of reticulin. The extensive sclerosis of the spinal 
tumor in Case 3 must have been caused by the radiation. 

It is imfortimate that the condition of the intracranial lesion 
could not be determined. Its condition may be imagined after the 
description of the following case, whose history is very similar to 
the one just recorded. 

CASE 4 . Clinical History: (Med. No. 28682) J. M. W., aged 18 years, was 
admitted Oct. 4, 1926, referred from the Outpatient Service. He was foimd to 
have a tj^ical syndrome of a tumor in the central cerebellar region and was 
transferred to the surgical service (Surg. No. 27371) where a suboccipital 
operation was performed on Oct. 14, 1926, disclosing a midline tumor occupj'ing 
the whole of the vermis. Beginning at its lower extremity it was apparently 
dissected out entirely, leaving the fourth ventricle widely exposed. He recovered 
promptly and was discharged on February 7th, completely relieved of his 
symptoms with the exception of slight hypotonicity of the extremities. 

He returned later in February 1927, complaining of a girdle-pain in the 
right lower thoracic region, udth numbness and weakness of both legs. There 
was hypoesthesia extending up to the tenth thoracic segment, predominating in 
the left leg, and weakness and spasticity of both legs, especially of the right. 
There was no disturbance of the bladder but the paraplegia was sufficiently 
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ment. The condition of the spinal tumor when removed at autopsy 
was most interesting. The histories of these two patients have also 
been given by Bailey, Sosman, and van Dessel ® (Cases ii and 12), 
and were mentioned also by Cushing ^ (Cases 6 and 10). 

CASE 3 . Clinical History: (Surg. No. 23932) F. T., aged ii years, was ad- 
mitted on May 15, 1925, referred by Dr. V. A. Reed, of Lawrence, Mass., com- 
plaining of headaches and vomiting. The clinical history and findings were 
typical of a midcerebellar tumor and he was operated upon May 20th. The 
tumor, which weighed 31 gm. and projected downward through the foramen 
magnum, was removed fairly intact in one large mass. He recovered promptly 
and was given roentgen treatments over the cerebellum only, on Jime 12, 
July 16, Aug. 7, Aug. 28, Sept. r8, and Oct. 9, 1925, a full suberythema dose at 
each session. 

When examined Dec. 28, 1925, he was perfectly well. There were no signs 
of cerebellar disturbance. He had been playing football and other games as 
though he had never been ill. 

On October 12, 1926, he returned for examination because of pain in the chest 
and was readmitted to the hospital (Surg. No. 27429) . There were no s3Tnptoms 
of disturbance in the cerebellar region, but there was definite loss of temperature- 
sense and hypoalgesia of the right side below the level of the third thoracic 
segment. The left leg was spastic, with exaggerated tendon-reflexes, clonus, 
defense-reflex and Babinski-response. The gait was very spastic and hemi- 
plegic. There was occasional incontinence of urine. He was given a full sub- 
erythema dose of roentgen rays over the cerebellar, cervical and upper dorsal 
regions on November 4th. Other similar treatments were given Nov. 27, Dec. 
20, r926; Jan. 10, Jan. 31, Feb. 2, and Feb. 24, 1927. By March he was walking 
with scarcely discernible spasticity. The suboccipital region was flat and he 
was feeling quite well. By April stiU further improvement had occurred. Al- 
though the tendon reflexes were still exaggerated in the left leg, the strength 
was practically normal and he was running and pla3dng baseball like a normal 
boy. No sensory defect could be foimd and the bladder functioned normally. 

In spite of the improvement roentgen treatment was continued on March 18, 
and April rs. When he reported for treatment on May 11, 1927, he was pale 
and listless and complained of pain over the right eye. He was still almost free 
from spinal symptoms. The cerebellar region was treated. Following this he 
declined rapidly. Headaches set in about May 29; he became incontinent, 
drowsy, completely paraplegic, and died Jime 17, 1927. 

Autopsy: The spinal cord was removed at the patient’s home. 
Examination of the brain was refused. The spinal cord was covered 
by numerous flat, whitish nodules beneath the arachnoid, extending 
from the upper dorsal region to the cauda equina; they were mainly 
situated on the dorsal surface (Fig. 3). 

Microscopic Description: The original tumor from the cerebellum 
was composed of smail, closely packed cells having a small amount of 
cytoplasm extending from one extremity. Neither neuroglial nor 
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cavity occupied by the tumor had a fairly smooth wall but it was 
studded with several nodules of tumor and one nodule the size of a 
pea was perched upon the base of the fourth ventricle just at the 
posterior end of the pons. In the aqueduct of Sylvius and also 
throughout the lateral ventricle on the left side there were multiple 
nodules varying in size from i to 4 mm. in diameter. There was in 
addition a great mass of tumor which occupied the entire floor of 
the third ventricle and obscured the usual landmarks — chiasm, 
hypothalamic region and infundibulum. This mass of tumor meas- 
ured about 2.5 cm. in its transverse and vertical diameters. It was 
whitish in appearance and looked somewhat different from the 
ventricular nodules. This extensive and widespread implantation 
of tumor throughout the ventricles did not seem to have obstructed 
the pathway of the cerebrospinal fluid an3rwhere, for the foramina 
of Munro were open and also the aqueduct. The foramen of Luschka 
was evidently open on either side. The ventricle showed only a 
moderate dilatation but the ependyma was everywhere studded 
with tumor nodules. 

Microscopic Description: The tissue removed at operation had 
the typical structure of a medulloblastoma, with numerous pseudo- 
rosettes (Fig. 7a). There was very little reticulin and no neuro- 
blasts were identified. 

The spinal implants removed at autopsy consisted almost ex- 
clusively of masses of collagenic fibers with occasional small islands 
of neoplastic ceUs (Fig. 76). Under the nodules of tumor, which lay 
mostly on the dorsal surface of the cord, was a most intense gliosis 
(Figs. 6a and 8b). Elsewhere the cord showed only a slight thicken- 
ing of the pia mater' and a slight peripheral gliosis (Fig. 8a). 

The extension over the base of the brain contained much more 
numerous tumor cells and much less collagenic tissue. The nodules 
on the waUs of the ventricles had the t3rpical structure of the medul- 
loblastoma. The ependyma had disappeared beneath them but 
there was only slight invasion of the underlying fibrous neuroglia. 

Comment: In view of the spread of the tumor over the base of the 
brain as disclosed at autopsy it is unfortunate that no details could 
be obtained concerning the later course of his illness. The family 
was unobserving and I was unable to learn whether there had been 
pol3airia or other s)rmptoms of involvement of the hypothalamus. 
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advanced so that he was unable to walk alone. There were no signs of a return 
of the cerebellar lesion. 

He was given on February 26th a roentgen treatment over the spine from 
third dorsal to second liunbar, which resulted in retention of urine for three 
days, but almost immediately improved the paraplegia. The roentgen treat- 
ment was repeated March 19th and April 13th. On March 23rd the cerebellar 
area was also treated. 

By Jime 22, 1927 his condition was excellent. He was walking without as- 
sistance. The strength of his lower extremities was good but some spasticity 
remained. No sensory disturbance could be found, no disturbance of the func- 
tion of the bladder and no signs of intracranial involvement. He complained of 
pain in the left shoulder but no sensory defect could be found in this region. 

On July sth the cerebellar area and cervical spine were treated, about half 
an erythema dose being given. He was next seen on December 7th, when he re- 
turned because of sudden weakness of the legs and bladder disturbance. A 
series of roentgen treatments was therefore given to the dorsal spine in 25 per 
cent doses on Dec. 7, Dec. 23, and Jan. 6, posteriorly, and Dec. 15 and 29 from 
in front. The bladder disturbance disappeared and he began to walk a little, 
but by February developed a paraplegia in flexion with severe cramps in the 
legs. He was given 50 per cent doses over the dorsal spine on Feb. 25 and 
March 2, and over the cerebellum on Feb. 6 and Feb. ’9. There was no improver 
ment. His vision slowly failed during the last two months of life vdthout evi- 
dence of intracranial pressure. He died suddenly at home March 8, 1928. 
Permission was obtained for a postmortem examination. 

Autopsy: The body was brought to the hospital for examination. 
The brain and spinal cord were removed, the brain having previously 
been injected with 10 per cent formalin in sihi through the carotid 
arteries. General examination of the viscera revealed nothing of 
note. 

The cerebellum was densely adherent in the suboccipital region 
where there were several waUed-off pockets containing 20 to 25 cm. 
of xanthochromic fluid. Superficial examination of the brain re- 
vealed a dense whitish tissue covering the tuberian region and sur- 
rounding the carotid arteries. The hypophysis seemed slightly 
flattened. The leptomeninges seemed thickened and whitish also 
over the pons and the inferior surface of the left cerebellar hemi- 
sphere. 

There were very dense arachnoidal adhesions all along the spinal 
cord which was covered by numerous flat, whitish nodules scattered 
from the cervical region to the cauda equina. The cord looked much 
like that of Case 3 (c/. Fig. 3). 

On median section of the brain an amazing picture of multiple 
metastases within the ventricular spaces was disclosed. The old 
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true it seems to be advisable to radiate thoroughly the entire cere- 
brospinal system following an operation for one of these tumors in 
the hope of killing the scattered cells before they have time to im- 
plant themselves, for once they have become implanted and have 
begun to give rise to symptoms, a fatal outcome is inevitable. 

The reason for the progression of symptoms when the tumor has 
been thoroughly checked and even almost completely destroyed is 
not at once apparent. It may be that the dying neoplastic cells re- 
lease a toxin which is damaging to the nervous system, but from a 
study of my specimens it seems rather that the progression of 
symptoms is largely due to the transformation of the tumor into 
scar tissue with a resultant disturbance of circulation within the 
nervous system. 

The roentgen rays are not supposed to injure the normal nervous 
tissues or meninges in the doses used. But the presence of the neo- 
plastic ceUs in the meshes of the pia-arachnoid gives rise to a chronic 
irritation and proliferation of this tissue, in which condition it may 
be more sensitive to the radiation. At any rate it is evident that the 
radiation transforms the tumor-infiltrated leptomeninx into dense 
fibrous bands which constrict the cord and nerves, diminish the 
circulation of the blood and block the circulation of the cerebrospinal 
fluid. 

Under these circumstances one might ask whether these patients 
have not been given too much roentgen treatment. Would it not be 
better to radiate thoroughly the entire cerebrospinal axis immedi- 
ately after operation and then stop? Time and further experience 
alone can tell. 
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It is possible that such an extension had occurred also in the previous 
case, but the brain could not be examined. 

Discussion 

Further experience with these medulloblastomas has not altered 
in any way the conception of their structure or clinical course de- 
tailed by Bailey and Cushing.^ They are composed of very embry- 
onic undifferentiated cells of neuroepithelial origin and grow with 
extreme rapidity. It is doubtless for this reason that they are so 
sensitive to radiation. 

It has been proved by Bailey, Sosman, and van Dessel,® and con- 
firmed by Olivecrona and Lysholm,® that the growth of these tumors 
may be checked for a considerable length of time by roentgen 
therapy and yet a fatal outcome has ensued in every case. It is 
generally assumed that after a certain time the neoplastic cells be- 
come radioresistant, but in view of the cases here reported it is 
legitimate to ask if this is really the correct interpretation. - 

In Case 1 it may be considered that roentgen treatment was not 
given a fair trial since none was given after the main body of 
the tumor was removed, but in subsequent cases the cerebellmn 
was persistently radiated and in no instance where the main mass of 
the tumor was removed and the iter definitely freed had there been 
signs of a local recurrence except in Case 2 here reported, in which it 
was proved at operation that the return of symptoms was not due 
to growth of the tumor. It was proved also in Case 4 at autopsy 
that there had not been a local recmrrence. 

The patients in whom a fairly complete enucleation was made and 
who were treated intensively with the roentgen rays nevertheless 
died from an intraspinal or intracranial extension of the tumor. Of 
course such an extension may occur without operation, as is amply 
proved by my own experience and the cases recorded by others, but 
its occurrence after operation is so frequent as to preclude the simple 
development of an extension already present at the time of opera- 
tion. The neoplastic cells must be scattered into the cerebrospinal 
spaces by the operator, falling by gravity into the spinal canal or 
being carried upward by the current of fluid over the base of the 
brain, where they grow as implantation metastases. This being 
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Plate 26 

Fig. I. Case 2. (a) Tumor removed at first operation containing numerous 
pseudorosettes. Methylene blue and eosin. x 300. 

(b) Tumor removed after radiation. Note the numerous mul- 
tinucleated cells. Hematoxylin and eosin. x 300. 

Fig. 2. Case 2. Types of abnormal mitoses after radiation. Note the giant 
cell in the middle photograph. Methylene blue and eosin,. 
X 1200. 
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Fig. 3. Case 3. Dorsal surface of spinal cord showing nodules of tumor. 

Fig. 4. Case 3. (a) Tumor removed from cerebellum. Hematoxylin and eosin. 
X 300. 

(&) Tumor removed at autopsy from surface of spinal cord. 
Note the sclerosis probably produced by radiation. 
Methylene blue and eosin. x 100. 
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Plate 28 

Fig. 5. (a) IMedulloblastoma from cerebellum. Hematoxylm and eosin. 
X 300. 

(b) Spontaneous extension to the spinal meninges, untreated by radia- 
tion. Note the excess of connective tissue. Hematoxylin and eosin. 
X 300. 

Fig. 6. (o) Case 4. Sclerosed tumor on dorsal surface of lower cervical cord 
vith extensive underl}dng gliosis of posterior columns. 
Phosphotungstic acid hematoxylin, x 5.3. 

(b) Case 3. Sclerosed tumor on lateral surface of thoracic cord, invad- 
ing the posterior horn. Note the surrounding gliosis. 
Phosphotungstic acid hematoxj'lin. x 5.5. 
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Plate 29 

Fig. 7. Case 4. (a) Tumor from cerebellum. Methylene blue and eosin. 
X 300. 

(d) Spinal tumor after radiation. Note the intense sclerosis 
and one island of persisting neoplastic cells. Hematoxylin 
and eosin. x 300. 

Fig. S. Case 4. Photograph's from pedpher}'- of spinal cord. Phosphotungstic 
acid hematox\din. x 300. 

(a) Area not covered b\'^ tumor. Note thickening of pia mater 
and slight marginal gliosis. 

{!)) Area covered by nodule of tumor. Severe gliosis extend- 
ing deeply into the cord. 
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of softer tissue elements, aU enclosed in a tough fibrous tissue cap- 
sule. 

Microscopic Description: The tumor is well encapsulated by dense 
connective tissue. The stroma consists of mucoid connective tissue 
with much cartdage. Here and there aggregates of fat cells are 
noted. Groups of epithelial cells, oval, ovoid or round in shape are 
scattered throughout, together with definite tubular structures 
lined with two or more layers of cuboidal cells. Some few such pre- 
sent a single lining layer of low columnar cells. Typical squamous 
epithelium with rudimentary “pearl” formation is noted. 

CASE 2 . A.P. (C.H.-Cl. 6), colored female, 43 years of age, service of Dr. 
Cox, has noticed a tumor on the right side of her palate for the past six years. 
Is painless, but recently has grown until it now extends beyond the middle line, 
causing some interference with mastication and deglutition. General health 
excellent. 


Pathological Examination 

Gross Description: The specimen (S-29-2874) consists of an oval 
tumor mass measuring 4 by 2.5 by 3 cm. and sectioned in its longest 
diameter. Externally it presents an irregular reddish brown color, 
except for the surface of attachment which is grayish in color. The 
mass is well encapsulated, firm and resistant to touch. The interior 
revealed by sectioning shows smooth, creamy white surface, with 
here and there darker areas of brownish red and reddish gray. Pin- 
head and somewhat larger yellowish brown and generally softer 
areas are studded throughout, suggestive of necrosis. The mass cuts 
smoothly but some resistance is encountered on sectioning. Arbori- 
zations of dense fibrous tissue are encountered at the base, but not 
throughout the tumor substance. 

Microscopic Description: In general the histology is rather simi- 
lar to that noted in Case 1 but glandular formation is not as well 
marked, most of the tubular structures being rather rudimentary. 
There is marked merging of the epithelial elements into the muco- 
cartilaginous stroma, by means of both cellular projections and inter- 
cellular fibrillae. Keratinization is nowhere noted. The connective 
tissue capsule, rather dense in structure, is invaded by aggregates of 
epithelial cells and rudimentary tubular structures. 



MIXED TUMORS OF THE PALATE* 
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The much debated and to some investigators entirely inap- 
propriate term, “mixed tumor” as applied to the clinically char- 
acteristic and histologically complex neoplasms occuring in the 
general oral-facial region, will undoubtedly remain a descriptive 
term in the nomenclature of pathological anatomy, and so it should. 
Admittingly conveying no idea of the source and mode of develop- 
ment of these newgrowths, it has the value of conve5nng the thought 
of their actual complexity of composition and, at times, of structure. 

Mixed tumors occur rather frequently in the salivary glands and 
comprise the typical neoplasm of the parotid. Similar tumors occur 
on the cheeks, lips, nose, gums and palate, the latter growths being 
the most common with the exception of those of the parotid and 
submaxillary glands. Even in spite of this relative frequency, 
scarcely loo mixed tumors of the palate have been described. This 
fact prompted the present report of two cases recently seen. 

CASE 1 . Clinical History: Mrs. M.S. (C.H.-G. 9245-No. 302), service of 
Dr. Taquino, white, female, 25 years of age, admitted to the hospital for 
tumor of palate. Past and familial histories of no importance. About one year 
ago noticed a small tumor on the left side of her palate which has gradually 
grown until it is now the size of a ben’s egg. Has experienced no pain, but some 
discomfort on talking and swallowing. Has lost no weight. Physical ex- 
amination and laboratory tests negative. Clinical diagnosis, fibroma of the soft 
palate, left side. Under local anesthesia tumor was removed by enucleation. 

Pathological Examination 

Gross Description: The specimen (S-29-1235) consists of a small, 
firm, whitish pink, tumor mass, irregular, but somewhat ovoid in 
shape measuring 3.5 cm. in its longest diameter and weighing go gm. 
It appears weU encapsulated. On sectioning, the knife encounters 
much resistance, with glistening, grayish pink, reddish brovm, and 
grayish white, surfaces revealed. Apparently the tumor is com- 
posed of cartilage, dense and loose connective tissue with some areas 

* Received for publication September 26, 1929. 
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tumor even passes imperceptibly into the normal glandular element 
giving the impression of its apparent derivation therefrom. 

Much conjecture as to the nature and derivation of the various 
cellular elements of mixed tumors has existed. To some they are 
endothelial growths with derivation from the endothelium of tissue 
spaces and lymph channels; to others they are purely epithehal. 
This latter view is now generally accepted even though Volkmann, 
Steinhaus, Martin, von Hansemann and Borst have endorsed and 
defended the theory of their endothelial nature. Even rather full 
acceptance of the epithelial nature of the parenchymal cells of mixed 
tumors as advocated by Humberg, Eibbert, Chevassu, Fock, 
Krompecher, and others has not fully quieted the arguments con- 
cerning them. There remained explanation of the mode of transition 
from ectodermal to mesenchymal elements. For this actual meta- 
plasia is the explanation most generally offered. Even this ex- 
planatory theory appears cloaked under various forms. To Ehrich, 
the metaplasia is principally due to secretion of seromucous material 
by the parenchymal cells. Marchand advances rather similar views. 
To him the stroma is purely epithelial in character. Bottner assigns 
little importance to the mesodermal elements. He believes the tumors 
uniform epithelial neoplasms and argues that even in the tmnors in 
which cartilage and mucoid connective tissue are predominant 
elements they must be considered as tumors in which recession of 
the epithelial structures has taken place. Elrompecher and Forman 
and Warren believe that there occurs an actual metaplasia of epi- 
thelium stroma, and advance argiunents based on embryonal as 
well as morphological grounds in support of their position. 

To Fraser, Masson and Pe)n:on, Desmarest and Masson, the 
metaplastic processes accounting for the histology. of mixed tumors 
are even more complex. They believe that the parenchymal cells 
come from normal glands, mucosal in the case of palatal growths, 
and that the mucoid connective tissue cartilage matrix arises from 
the epithelium of the tumor itself. 

While metaplastic processes appear as essential to a full explana- 
tion of tissue transitions within a same class, they need not be re- 
sorted to for full explanation of aU mixed tumors, nor even of any, 
if the broadest conception of embryonal sequestrations is accepted; 
for then, the number and character of sequestered tissue elements 
readily account for the varying histological character of the adult 
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Frequency of Mixed Tumors of the Palate 

Eggers, after a very careful survey of the literature and a pains- 
taking and exhaustive study of pathological material, gross and 
microscopic descriptions and photographs of practically all mixed 
tumors of the palate reported, concludes that sufficient e\ndence 
exists to establish only 87 of the over 100 reported cases as authentic 
mixed tumors. To this list he adds 5 of his own. If he has erred in 
his inclusions it has been rather on the side of safety and his com- 
pilation of mixed palatal tumors can be accepted as the most ac- 
curate extant. 


Structure and Derivation 

Although some pathologists stiU believe that mixed tumors 
usually originate in fully developed glands, even several decades 
after birth, it is now generally conceded that there exists a develop- 
mental relationship between them and embryonal disturbances in 
the nature of cell displacements or enclavements. They should 
rather be regarded as tumors in, but not of, the structures they 
invade. 

The histological structure of mixed tumors is most irregular. 
Generally they may be said to consist of a ground tissue of myx- 
omatous material or cartilage with transitions of one into the other, 
and fibriUar connective tissue, with occasionally some little lymphoid 
tissue or bone interspersed. Within this basic matrix, cell inclusions, 
varying in individual cases and presenting no regularity as to 
structure, are present. Sometimes these parench3anal cells appear 
closely packed; at other times they are arranged as networks, strands 
or branching columns. In some tmnors they simulate gland-like or 
tubular structures lined with cuboid or cylindrical cells. Again 
they may appear as irregularly shaped, large masses presenting no 
definite morphology, the individual cells (“indifferent cells”) them- 
selves being small or large, oval, ovoid, rormded or even spindle- 
shaped. Occasionally they present a whorl-hke arrangement simulat- 
ing the epithelial pearls of squamous celled neoplasms. Generally, 
these cells present an infiltrative type of growth, usually merging 
into the cartilage or myxomatous tissue masses without any sharp 
lines of delineation. This blending of the various tissue elements is 
always a characteristic feature. At times the parenchyma of the 
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Conclusions 

1. The term mixed tumor as applied to the neoplasms occurring 
in the general oral-facial region is distinctive and descriptive and 
should be retained. The origin of these tumors can be most satis- 
factorily explained by the theory of embryonal enclavement. 

2. Microscopically complex but clinically benign, it is doubtful 
if typical mixed tumors ever undergo so-called malignant changes. 
Certainly such transformations, if occurring, are difficult of proof. 

3. Palatal mixed tumors show the same general histological 
complexity and clinical characteristics as those occurring in other 
regions. 

4. Two mixed tumors of the palate are reported. 
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tumors. That the endavement theory presents the correct solution 
of the problem of mixed tumor genesis appears at this time incon- 
trovertible. 

Malignancy of Mixed Tumors 

Mixed tumors, wherever located, are, as a rule, nodular, firm, well 
encapsulated, rather freely movable and grow slowly. Although 
microscopically they may bear all the stigmas of malignancy, 
clinically they are said to “become malignant” when as a result, 
principally of trauma as thought by some, or for other reasons, they 
break through their enveloping capsule, begin to grow rapidly, 
cease to be movable, infiltrate their immediate vicinity, recur after 
removal and present metastasis. 

In mixed palatal tumors, malignancy, as clinically understood, is 
most infrequent. In the 92 cases compiled by Eggers only 2 show 
histories of invasive or recurrent growths, but as Eggers rightly 
points out, most of the reports made concerning them were shortly 
after their removal. Again, the very location of these tumors and 
the discomfort they produce speak for their early removal before 
malignant metamorphosis, if such be possible, can eventuate. 
McFarland, after exhaustive study of 90 mixed tumors followed 
over a period of years, condudes that “malignant changes whether 
sarcomatous or carcinomatous in mixed tmnors must be rare.” 

This conclusion is undoubtedly valid. Microscopic malignancy 
means nothing. “Recurrences” after operation must be carefully 
evaluated. Many of these tumors present technical difficulties to 
their complete removal and many “recurrences” are undoubtedly 
continuity of growth after incomplete removal, just as many 
“metastases” are simple extensions of growth. 

Age and Sex Distribution 

Statistics concerning mixed palatal tumors are not suffidently 
comprehensive to allow accurate classification as to age and sex 
distribution. They have occurred at all ages, probably being more 
common in the second, third and fourth decades of life. There seems 
to be no sex predilection. 
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Fig. I. Case i. Glandular and squamous epithelium. Cartilaginous and 
myxomatous stroma. 
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Fig. 2. Case 2. Marked blending of epithelium and stroma. 
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The localization of amyloid confined to single foci is considered 
analogous to the development in scattered foci of degenerative 
changes in general, which, as Ribbert has advocated, are related to 
localized metabolic changes. Beneke and Bonning further suggest 
that the patchy distribution in the heart is no more remarkable than 
the generally known distribution of amyloid in other organs. With 
these cases of general amyloidosis the present study is not im- 
mediately concerned. 

By far the less important group numerically, and, because of their 
uniqueness, perhaps unduly emphasized, are those cases in which 
the amyloid infiltrations are confined primarily to the heart, almost 
to the exclusion of those organs and tissues in which it is deposited 
in the usual cases of generalized or local amyloidosis. In this group 
there are, to our knowledge, only three reported cases at present. 

In the case reported by Wild ® there was found marked amyloid 
deposit in the myocardium associated with similar local deposits in 
the lungs, tongue, bladder and gastro-intestinal tract. The clinical 
report of this case is incomplete. The condition in the heart existed 
without true clinical signs referable to its existence. The patient, a 
56 year-old woman who died of erysipelas had shown only the 
general clinical picture of heart failure. At autopsy the heart was 
small. Its walls were generally involved by nodular deposits of 
cartilaginous consistency, especially in the left auricle, and least 
pronovmced in the left ventricle. Even the valve leaflets were in- 
filtrated and thickened. There was an associated nodular infiltra- 
tion of the peritoneum and intestinal serosa. According to Wild’s 
observations the homogeneous masses which he foimd in the heart 
and intestine possessed a central zone which gave the amyloid 
reaction, and a non-specific hyaline peripheral zone. 

The case of Steinhaus ^ presented changes remarkably similar to 
the findings of Wild. In a previously healthy 40 year-old man, the 
clinical syndrome consisted of vomiting, distention and intestinal 
hemorrhage, secondary anemia and clinical heart failure, the entire 
duration being but six months. Clinical observations on this case 
indicate a copious bleeding from the gastro-intestinal tract in a 
patient previously in good health, followed by marked anemia of 
the secondary type. The pulse was rapid. Albumin and traces of 
blood were found in the urine. In this case also there was apparent 
a stiS knot-like infiltration of the entire heart wall, stomach and 
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There have been reported two distinct groups of cases in which 
amyloid infiltration of the heart has been observed. 

Within the first, and by far the more prominent group munerically, 
is a series of cases such as those reported by Von Huebschmann,^ 
in which amyloid has been demonstrated in the hearts of patients 
affected by a generalized amyloidosis. In eight such cases investi- 
gated postmortem by Von Huebschmann only on microscopic in- 
vestigation was amyloid demonstrable within the myocardium, and 
in no case was its occurrence in this location associated with specific 
differential symptoms referable to the system involved. Micro- 
scopically, the myocardium was found to contain amyloid deposits 
within the connective tissue and vessel walls; rarely, it was de- 
monstrable in the valves and endocardium. In no instance was 
amyloid degeneration of the muscle fibers observed. On the basis of 
his observations, this investigator concluded that the amyloid 
arises both by transformation of the connective tissue fibrils (into 
amyloid) as well as by an interpositional deposit. 

Commenting on this series in its review, Beneke and Bonning ^ 
suggest that Von Huebschmann’s observations are in agreement 
with all similar reported cases. But they advocate that in primary 
myocardial amyloidosis the peculiar nodular amyloid deposits in 
the heart are not only confined to the capillary walls, but are 
localized about the muscle fibers themselves. It is their opinion that 
the accumulation of amyloid in the ectoplasmic zone of individual 
tissue cells leads to complete cellular intubation by amyloid, and 
that cells in this manner deprived of their nutrition undergo inanition 
atrophy. This they believe to be indicative of a previously unrecog- 
nized causal relationship between the metabolic processes of the 
sarcolemma-free muscle fibers, and the local deposition of amyloid. 

* Received for publication October 28, 1929. 
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• On March 19, 1929, the patient came into the hospital -with a second bad 
break in compensation. With salyrgan and theocin he lost a huge amount of 
edema and became compensated. His mental befuddling was maintained, how- 
ever. He was incontinent of urine and feces, and developed bed sores. On 
March 29th he developed a chill and high temperature. On March 30th he was 
in deep coma with stertorous breathing, neck rigid, and questionable Kemig. 
A spinal puncture gave a cloudy fluid with a fibrin coagulum and 2000 cells. 
Culture of this fluid and blood culture showed a hemolytic streptococcus. He 
died March 31, 1929, in coma. 

From the autopsy the following diagnoses were made: 

Septicemia, streptococcus hemolyticus, blood culture; meningitis, 
acute, diffuse; pericarditis, acute, purulent, with purulent effusion; 
cardiac dilation and hypertrophy; myocardial necrosis, acute focal 
with auricular thrombus, puriform; amyloid deposits, myocardial, 
pulmonary and renal; nephritis, chronic vascular; congestion, 
spleen, liver, adrenal and renal; decubitus ulcers. 

Heart 

The following description of the heart was given at autopsy: 

The heart is a typical cor bovinum, weighing 700 gm. It is rub- 
bery to compression, so that the depressed wall gives a sense of re- 
boimding when the tension is released. The cut surface throughout 
is of a homogeneous reddish appearance as of stained liquid al- 
bumin, and gives one the impression that the light is reflected from 
the surface which is partially composed of a translucent substance. 
There is a puriform thrombus in the apex of the right auricle. The 
left auricle is clear to the limits of the appendage. The right auricu- 
lar cavity is markedly dilated as is the left, and the walls of both are 
thickened to measure 0.5 cm. in diameter. The right ventricular 
cavity, it is estimated, is twice the normal size. The myocardium is 
I cm. thick at the base, and 3 mm. thick at the apex. The myo- 
cardimn of the left ventricle is tremendously hypertrophied and the 
cavity increased to an estimated one-half greater than normal. At 
the base the wall measures 4 cm. ; at the apex 2.75 cm. There are no 
grossly apparent necroses. The papillary muscles of both ventricles 
are markedly hypertrophied, some in the left ventricle measuring as 
much as 1.5 cm. in diameter at the base. The valves are free and 
flexible throughout. There are no vegetations. The mitral, aortic, 
tricuspid and pulmonic valves measure respectively: ii, 8.5, 8, and 
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intestinal tract. The cut surface of the heart was hard, of a glassy- 
homogeneity and appeared whitish gray as if cooked. In the mark- 
edly thickened stomach wall were many glassy nodules, and numer- 
ous erosions of the mucosa. In this case, too, the liver, spleen and 
kidneys were free of amyloid. The amyloid deposits adjoined ex- 
tensive deposits of hyaline-like material in the connective tissue. 
Often, particularly when in the vessel walls, those nodules gave the 
amyloid reaction. The staining reactions have been questioned by 
Beneke and Bonning, although they admit that the striking simi- 
larity to the case reported by Wild favors the correctness of the dye 
tests. 

The case of Beneke and Bonning was a 70 year-old man who 
entered the hospital moribund with a diagnosis of chronic bronchitis. 
The amyloid deposits were limited almost exclusively to the heart, 
the adjoining vena cava and the lungs. Because it has been reported 
fully and accurately this case will be referred to in the discussion of 
the following one which fell under our observation, a case which has 
points of similarity to all of the foregoing, but differs from each 
of them. Our case follows: 

Report op Case 

Clinical History: Feb. 8, 1926, a 6$ year-old negro male, entered the hospital 
with a respiratory infection for which he was successfiilly treated. The es- 
sential findings at this time were: a generalized arteriosclerosis, normal heart, 
absent or sluggish reflexes, negative urine. Non-protein nitrogen 33.3, Was- 
sermann and Kahn negative, sputum negative, stools negative, globulin cerebro- 
spinal fluid, negative. 

April 16, 1928, the patient was seen in the Out-Patient department com- 
plaining of cough of one months duration associated with shortness of breath 
on exertion and epigastric tenderness. Digitalis therapy was instituted. 

Nov. 19, 1928, the patient entered the hospital with a typical history of pro- 
gressive left-sided heart failure. 

Laboratory Fhidings: Electrocardiograms: Nov. 19, 1928, auricular fibril- 
lation, left ventricular preopnderance. Dec. 13, 1928, auricular fibrillation, 
ventricular premature contraction. Dec. 14, 1928, auricular fibrillation, left 
ventricular preponderance. Dec. 1 5, 1928, auricular fibrillation, left ventricular 
preponderance, low voltage, inverted T in all leads. 

He was discharged from the hospital Oct. 20, 1928, in a state of complete 
compensation. He had been diagnosed: general arteriosclerosis, arteriosclerosis 
of coronary arteries, cardiac arrhythmia-auricular fibrillation, cardiac insuf- 
ficiency. He was sent out on digitalis o.i gm., and given instructions regarding 
diet, exercise and fluids. He returned to the Out-Patient department about 
two months later (Jan. 14, 1929) with slight dyspnoea and moderate edema. 
Digitalis was increased to o.i gm. b. i. d. and patient instructed as to conduct. 
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Left Auricle: In a tangential section of the left auricle the 
amyloid deposits have the characteristic tigroid appearance so ap- 
parent in the ventricles. In a cross-section they appear as minute, 
sometimes interlacing islets separated by the elements of the myo- 
cardium, endocardium, or epicardium. 

Microscopic Examination 

Myocardium: The muscle cells throughout the entire myocardium 
are hypertrophic, a condition which is especially marked within the 
wall of the left ventricle. An occasional minute scar is apparent, 
especially in sections from the posterior portion of the left ventric- 
ular apex. The adjacent muscle cells are markedly enlarged. An 
estimated 50 per cent of the volume of the myocardial sections is 
represented by amyloid, which, throughout the myocardiiun is 
present in the crevices between the muscle bands and their com- 
posite fibers, and intracellularly. It is homogeneous, and is present 
in the form of eccentric laminated bands which in many instances 
give to this foreign element a whorl-like appearance. There are 
areas in which there is so great an abundance of this material that 
the muscle elements are entirely wanting or occur only as vestiges 
of an original cell or cells in a field composed almost entirely of 
amyloid. Not every bundle or fiber is equally affected, for while 
amyloid is found in the interstitial space between practically every 
muscle fiber, thus giving it a diffuse distribution, its deposition is 
not at all uniform. At times it is present as a narrow band which 
forms a sheath at one side of an interfibriUar capillary, not en- 
croaching on the adjacent muscle fibers. In other instances large 
areas composed only of amyloid are present. Marked indentation 
of the myocardial cells by amyloid is readily apparent, but in a few 
instances only is the integrity of the muscle cell wall interrupted by 
these apparent invaginations. In serial sections these invagina- 
tions can be readily traced from simple indentations of the cell wall 
to actual cellular invasion so that one finds in examination of a 
single fiber serially the transition from simple cellular indentations 
by amyloid to actual intracellular deposits of this substance. When 
the amyloid present is actually intracellular, having gained entrance 
to the cell in this manner, the amyloid substance is often surrounded 
by a clear zone of sarcoplasm, the nucleus displaced and the myo- 
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15 cm. The endocardium throughout is dear and smooth with the 
exception of the right auride wliich has already been described. The 
coronary arteries are moderately sclerotic. A small atheroma is 
present in the orifice of the left. It is recent. The coronary sinus is 
markedly dilated. 

Because amyloid, was suspected from the appearance of the heart, 
tissues were taken from every portion of this organ indusive of 
pulmonary arteries, aorta, inferior vena cava, pulmonary veins, 
and pericardium. These tissues were rapidly stained in a Gram’s 
iodiae solution and transferred at once to sulphuric acid. The fol- 
lowing tissues gave a positive reaction almost immediately. 

Left Ventricle: A section of the muscle of the left ventride with a 
specific amyloid stain, examined under the dissecting microscope, 
reveals an extensive bluish mottling of the tissue. These bluish 
areas are diffusely scattered throughout the entire section, running 
parallel to the line of fiber of the myocardimn. In this manner the 
spedmen is given a stippled or tigroid appearance with the stippling 
occurring in interrupted parallel bands. These bands are not com- 
plete in themselves, but have points of continuity with one another 
alternating with points of interruption. It is therefore evident that 
the deposit of amyloid is not uniform but diffuse throughout the 
myocardium. This observation has been recorded photographically 
by reflected light. The amyloid appears black in the reproductions. 
The appearance of the amyloid in the epicardium and beneath the 
endocardium of this ventride is striking. Interlacing dusters of 
bluish material often related to definite vessels would by this stain 
indicate that, in the epicardium at least, the amyloid deposits have 
a definite relation to some portion of the vascular bed. 

Right Ventricle: Within the right ventride deposits are essentially 
the same as those in the left, and practically as abundant. 

Right Auricle: In a section taken through the right auride to in- 
dude the flap of the foramen ovale, the amyloid has practically the 
same anatomical distribution as in the ventrides. Wherever the mus- 
cle fibers have been cut longitudinally in this section the same tigroid 
appearance is observed as was apparent in the ventricular myo- 
cardium. Because of the line of musde fiber in this section, however, 
many of the deposits appear as minute interladng islands in the 
photograph. The focal areas of endocardial infiltration of the'diffuse 
type are again apparent. 
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especially medialward in this tissue. It has approximately the 
same relationship as that present in the para-aortic veins. 

Lungs: Irregular intramural amyloid deposits are present gen- 
erally throughout the alveolar walls of both lungs. The finer ex- 
amination of these deposits shows that they are extensive, nearly 
diffuse about the alveolar capillaries where, at times it is so 
abundant as to cause the alveolar epithelium to bulge into the 
acinar space. The same transitions in the loss of the normal stromal 
connective tissue relationship between the capillaries and of the 
respiratory epitheliinn of the lungs is here observed as was so ap- 
parent in the interfiber deposits of the myocardium. 

Kidneys: The renal arteries of medium size present a definite 
thickening of their intima, and in some instances actual occlusion of 
the lumen is apparent. In association with these vascular changes 
there occur diffusely throughout the cortex numerous triangular 
scars containing atrophic renal structures with large numbers of 
hyalinized glomeruli. The scars are infiltrated with lymphocytes. 
Extensive deposits of amyloid occur in the pyramidal portions of 
the organ. They have a definite pericapillary arrangement. 

Pararenal Ganglion: A definite deposit of amyloid is present in 
the interstitial fibrous tissue of the ganglion. 

No deposits of amyloid were found in the spleen, liver, adrenals, 
pancreas, prostate, brain or any organ or tissue other than those 
mentioned. 


Discussion 

It is not the purpose of this paper to explain the clinical, physio- 
logical, or biochemical principles involved in amyloidosis. Clini- 
cally, it is sufficient to say that our case deals with an individual 65 
years of age who in the last three years of life developed a progres- 
sive left-sided heart failure which was twice recompensated before 
death — a cardiopathy with hypertension without renal disease 
leading to complete decompensation. 

It is rather our purpose to confine the discussion to the anatom- 
ical observations. The review of these findings in our case at once 
demonstrates definite and important variations from the observa- 
tions made in those cases previously reported by Steinhaus, Wfid, 
and by Beneke and Bonning. But one thing is unconditionally 
common to the foregoing and the case imder our observation, i. e. the 
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fibrDlae concentrated in the peripheral portion of the cell. There is 
no evidence of degenerative change in these cells. It is of importance 
that in those instances in which this actual invasion of the cell has 
occurred, the pericellular tissues are often amyloid free except at 
that point at which the amyloid bud makes its invagination. It is 
further of importance that invaginating buds of amyloid are always 
traceable in serial sections to a point at which they become con- 
tinuous with a pericapUlary deposit of amyloid in the immediate 
vicinity. 

There is no evidence of amyloid in the chordae tendineae, al- 
though it is present in abundance at the musculotendinous transi- 
tion of the papillary muscles. 

Endocardium: Focal collections of diffuse amyloid infiltration 
are here present as within the myocardium. The absence of large 
vessels in this tissue places the deposits, which here also are peri- 
vascular, about the capillaries and minute venules. Many of these 
deposits, because they appear primarily well myocardialward in 
this tissue are directly continuous or contiguous with the deposits 
of amyloid of the myocardium proper. In the right auricle alone the 
deposits have become sufficiently large, subendothehally to cause 
a protrusion of a large area of endothelimn. The aortic valve is 
definitely infiltrated, especially in the proximal portion where the 
deposit of amyloid is continuous with that present in the myo- 
cardium. Peripherally in the valves the deposits consist of focal 
areas deep in the subendothelial tissues. Amyloid in similar dis- 
tribution is found within the pulmonic, mitral and tricuspid valves. 
Never is it apparent from the surface. Its occurrence is always deep 
in the subendothehal stroma. 

Pulmmiary Artery: Distinct foci of amyloid are present in the 
outer media and adventitia of the pulmonary artery. In at least one 
instance vasa of the wall are demonstrable within the amyloid mass. 

Aorta: Distinct foci of amyloid are apparent throughout the 
media. Many have a definite relationship to the vasa vasonun. A 
curious infiltration of the para-aortic adventitial veins is also 
evident. In this location there is a distinct localization of the amy- 
loid within the media, though, at times the deposit has broken 
through and bulges the endothelixun of the intima. There is no 
thrombus formation at the point of intimal protrusion. 

hiferior Vena Cava: Distinct diffuse amyloid deposit is apparent. 
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which the amyloid deposits are slightly more extensive it is apparent 
that the amyloid has extended from its pericapillary nidus into the 
interstitial tissue which it obliterates, ultimately replacing the 
stroma of the muscle cells which it surrounds, bridging the entire 
interval from capillary wall to muscle cell; but always one observes 
that the lamellae which stratify these deposits have their centers in 
a capillary. In the replacement of interstitial tissues it is evident 
that those capillaries about which the amyloid is primarily deposited 
are compressed to minute strands and occluded, ultimately com- 
pletely disappearing. It is of equal importance, that other capil- 
laries remain dilated and congested in many amyloid areas, and 
while this condition maintains there is little evidence of cellular 
atrophy; but once this group of capillaries is gone, the amyloid 
masses are seen to be mottled by hollow lacunae, the rests of pre- 
existent muscle cells. 

It is further observed that amyloid occurs often in the myo- 
cardial venules, never in the arteries; that the extremely dense areas 
of amyloid in which all tissue structure has been obliterated often 
correspond roughly to a single arteriovenous capillary tree. In the 
endocardium and valves, amyloid deposit occurs only in the deeper 
tissues. Likewise in the aorta and pulmonary arteries the amyloid 
occurs primarily in the media, the site of the vasa vasorum; it 
presents in the intima only by continuity from medial deposits; and 
finally, it has been noted that in the papillary muscles of the ventri- 
cles, while amyloid is present abundantly in the muscle it is entirely 
wanting in the chordae tendineae, abruptly ending at the musculo- 
tendinous transition fine. It is therefore apparent that amyloid 
deposit does not occur in those tissues which are avascular except 
by extension from deposits in v^cular tissue; that it occurs in 
vascular tissue primarily in relation to venous capillary endothelium 
and vein walls, never in arteries except the pulmonic artery and 
aorta where it is present about the medial vessels and adventitial 
veins. Moreover the distribution and abundance of the deposits 
bear a specific relation to the area of the capillary bed. It is my 
opinion that the amyloid is deposited only in those tissues which are 
known to have a definite vascular bed, and here its deposition is 
proportional to the vascular bed; and its deposit is primary about 
the endothelium of specific venocapiUaries and venvdes from which 
it expands to include adjacent structures. Ultimately it cuts off the 
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primary localization of amyloid in the heart, especially the myo- 
cardium. 

At autopsy, the heart, an organ of 700 gm., is dilated and hyper- 
trophic throughout, and possessed of peculiar properties suggestive 
of amyloid deposition. In this lies the first variation of our case from 
all others in that the heart is markedly hypertrophic, whereas in 
all previously reported cases it was found to be atrophic. Un- 
questioned deposits of amyloid are not grossly recognized in the 
heart at autopsy, a feature contrary to the case of Beneke and Bon- 
ning in which the amyloid was readily detectable as large glassy 
nodules within the heart wall. Recognized tests for amyloid, how- 
ever, reveal in our case a diffuse amyloid infiltration of the heart. 
In the premise the diffuse t3q)e of amyloid infiltration of the heart in 
this case bridges a gap in what has been previously known of pri- 
mary myocardial amyloidosis, in that it demonstrates the pos- 
sibility of diffuse as well as localized types of amyloid deposit in 
primary myocardial amyloid infiltration; a feature which places the 
primary myocardial amyloidosis in the same category as the general- 
ized types of amyloidosis, in which both focal and diffuse types of 
amyloid deposit have been repeatedly observed, for example, in the 
spleen. 

The microscopic findings place the only detectable amyloid de- 
posits in this case in the heart and the neighboring great vessels, 
the lungs, the kidney, and a perirenal ganglion. In the heart the 
amyloid is deposited diffusely, though irregularly, throughout the 
tissues. In the epicardium it is present only in relation to veins 
some of which it occludes by pressure from without, and which form 
the centers from which it radiates into the adjacent tissue replacing 
all but the fat cells. In the endocardimn it is present only in the 
deeper layers of the stroma and here again it is in definite relation 
to veins. In the less densely infiltrated areas of the myocardimn, it 
is present primarily immediately adjacent to specific capillary en- 
dothelium whose connective tissue stroma it replaces; while other 
capillaries are entirely free of this deposit. This constitutes pre- 
eminently the primary site of amyloid deposit. Its occurrence in 
isolated areas in the interstitial tissue or about muscle cells is in 
every instance traceable in serial sections to a pericapillary relation. 
In the presence of slight traces of amyloid, therefore, it is located 
primarily about capillary endothelimn. By examination of fields in 
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fields in which a pericapillary amyloid bud simply contracts with 
one side of a muscle cell as well as in fields in which the cell is at 
certain levels densely surrounded. There is evident from serial 
cross-sections an actual invasion of the ceU by amyloid, with penetra- 
tion of the ceU waU by the amyloid which within the cell extends 
bipolarly leading to peripheral concentration of the myofibriUae and 
lateral nuclear displacement. This intraceUular amyloid lies in the 
position of the sarcoplasm. The entire group of intraceUular struc- 
tures in ceUs invaded in this manner are intact and manifest no 
changes other than displacement. There is no evidence of vacuoliza- 
tion or other cell response usuaUy seen in the presence of intracel- 
lular foreign bodies. This observation presents a feature thus far 
entirely foreign to our knowledge of cellular pathology. The actual 
penetration of a fixed cell waU by a foreign substance without ceUu- 
lar destruction or recognizable alteration other than displacement is 
imique. The fraying out of the cells at the portal of entry of these 
invading buds offers many possibiUties as to the nature of the muscle 
ceU waU, which hitherto have been unsuspected. 

The serial cross-sections, therefore, estabUsh the fact that the ap- 
parent indiscriminate invasion of the muscle ceUs from the periph- 
eral concentration zones is purely a sectional and distortional arti- 
fact. CeUular invasion occurs only by the method which we have 
just described, and by that method in comparatively few instances. 

The deposits in the limgs and kidneys are likewise pericapUlary 
in distribution. We therefore find no substantiation for the opinion 
advanced by Beneke and Bonning to the effect that amyloid is de- 
posited in the ectoplasmic zone of the tissue cells as a result of dis- 
turbed metabolic equilibriiun, which ultimately by encasement of 
the cell by amyloid leads to inanition atrophy. In fact we find no 
evidence that the amyloid bears relation to disturbed metabolism in 
any specific cell. It is our opinion that amyloid is deposited from 
the tissue lymph as a result of changes in the permeability in the 
venous endotheliiim. Its presence may be simply the result of 
abnormalities in the capillaries which are non-receptive to a sub- 
stance to which normally they may be permeable. 
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arterial supply to the part and this in turn leads to atrophy of the 
structures in the involved area with a persistence of amyloid. 
Amyloid apparently is not affected by the anemia but continues to 
accrue, leading ultimately to closure of the lacunae left by atrophic 
muscle cells. A sheet of amyloid is thus produced which is marked 
by whorls, whorls formed by concentration of contingent amyloid 
deposits which encroach from several directions on muscle cells and 
lead to concentration bands of amyloid about individual cells, 
prior to the time the vascular supply has been severed. 

It has not, however, in any instance been my observation that 
amyloid occurs primarily in the ectoplasmic zone of the muscle cells 
from which it invades the cell at random as suggested by Beneke 
and Bdnning. Indeed, as has already been pointed out, the primary 
deposits of amyloid occur about venocapillary endothelium, from 
which it extends to surround muscle cells which in densely infiltrated 
areas it encases. In these areas in which the muscle cells are entirely 
surrounded, many of the cells manifest no evidence of atrophy. 
Rather the myofibrillae and other intracellular components are 
simply concentrated, as by partial dehydration. In serial section 
these cells have been traced in every instance to a level at which 
they reach an amyloid-free field. Actual cell atrophy is apparent 
only when in serial cross-sections the amyloid is so abundant as to 
have led to complete vascular occlusion to the area and to the cell 
over its entire extent. Of those cells which show no evidence of 
atrophy, many are indented and invaginated by adjacent amyloid 
buds; more commonly they are symmetrically compressed by amy- 
loid which forms a pressure concentration zone at their periphery. 
From these encasements many cells, their membranes intact, have 
retracted in fixation. There is microscopically no evidence that 
amyloid invades the cell from this periphery except by one method 
which will later be described. It is apparent that by far the greater 
amount of amyloid replacement occurs as follow^s: the cell first dies 
by loss of its blood supply, leaves its empty lacuna in a field of amy- 
loid and, then only, amyloid expands to fiU this interval. This 
feature explains the picture of multiple whorls so often seen in a 
field of solid amyloid. 

Microscopically evidence is found that amyloid actually invades 
the cell by only one method, a method independent of the con- 
centration of the pericellular amyloid, inasmuch as it occurs in 
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Fig. I. Gross photograph of heart. 

Fig. 2. Right auricle. lodin-sulphuric acid test. Reflected light, x 13. 
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V Summary 

1. The distribution of amyloid within the myocardium in primary 
myocardial amyloidosis may be diffuse as well as focal. 

2. Its deposition within the heart may occur in the presence of 
hypertrophy as weU as atrophy. 

3. It is deposited only in those tissues which have a known vascu- 
lar bed. Its presence in avascular tissue is only accomplished by 
continuity with deposits in vascular tissue. 

4. The deposition of amyloid occurs primarily about venocapil- 
lary endothelium from which it extends to surround the normal tis- 
sues, ultimately cutting off the vascular supply to the part. Then 
only the tissues atrophy and are replaced by amyloid. This con- 
stitutes the primary mode of amyloid infiltration. 

5. Amyloid gains entrance to occasional cardiac muscle cells by a 
process of invagination and ultimate penetration of the cell wall. 
This is a direct method by which myocardial cells may be replaced 
by amyloid. 

6. There is no evidence that amyloid deposit is dependent on 
localized metabolic changes, nor is there evidence of primary pericel- 
lular deposition of amyloid, from which it freely invades living cell 
substance. 

7. The deposit of amyloid apparently is dependent upon changes 
in endothelium, especially of venocapillaries, which may possibly 
become impermeable to some substance in the tissue lymph which 
may normally be present in tissue l)nmph and capable of permeating 
venocapillary endothelium. 
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Plate 33 


Fig. 3. Left ventricular myocardium. lodin-sulphuric acid test. 
Fig. 4. Lung. Pericapillary amyloid in alveolar wall. X 114- 
Fig. 5. Left ventricular m5^ocardium. Diffuse amyloid deposit. 
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lesions which might well have accounted for the production of 
amyloid. 

Three cases of local amyloidosis of the seminal vesicles are re- 
ported by Erlach.® 

Mallory ' has seen one case of amyloidosis of the bladder. 


Case Report 

Clinical N ole: A. J. No. 4557. Female, 54 years of age. Referred to Collis P. 
Huntington Memorial Hospital Oct. 5, 1928, by Dr. R. B. Greenough for study 
of tongue. For past fourteen months she had had “canker sores” and for past 
six months swelling of left and right submaxillary regions. Tongue showed 
smooth patches of epithelium with indurated foci beneath on both sides, and on 
the right side a deep ulcerated focus. Biopsy was done by Dr. C. C. Simmons 
and a pathological diagnosis of leukoplakia with a question of beginning carci- 
noma was made. It was noted that the underlying fibrous tissue was extremely 
dense. 

General physical examination was essentially negative except that there was 
no excursion of the diaphragm, the abdominal muscles were tense and the walls 
of the blood vessels were palpable. The Wassermann test was negative. Ex- 
amination of the blood showed only slight secondary anemia. Nov. 27, 1928, a 
general increase in size of the tongue was noted and a diffuse painless thickening 
appeared within both cheeks. Several low voltage X-ray treatments were 
given the tongue without producing much change. March 7, 1929, examination 
by Dr. J. C. Aub showed the tongue markedly enlarged, thickened and hard, 
the muscles of the shoulder girdles hard and tense, whereas the muscles of the 
upper arm were soft and flabby. The musles of the thighs and abdomen were 
hard and tense. April 9, 1929, patient died at her home without definite clinical 
findings, and an autopsy was performed at the Palmer Memorial Hospital. 


Autopsy Findings 

Body: Is that of a well developed and fairly well nourished 
elderly white female. Weight about 135 pounds. Rigor mortis 
slight. No postmortem lividity. Musculature of chest wall and 
abdomen extremely tense. Musculature of shoulders prominent. 
Both thighs considerably enlarged, left more than right, musculature 
very hard and firm. Slight edema of both legs. Musculature above 
both shoulders firm and hypertrophied. 

Head: Moderate amoimt of gray hair. Contour of skull normal. 
Pupils equal, regular, 4 mm. in diameter. Ears and nose negative. 
Firm, symmetrical swellings at both angles of mouth. Tongue firm, 
rubbery and protrudes slightly from mouth, bulging between teeth 
laterally. 



GENERALIZED- AMYLOIDOSIS OF THE MUSCULAR SYSTEMS* 

Shields -Warren, M. D. 

{From the Pathological Laboratories, New England Deaconess and CoJHs P. 

Huntington Memorial Hospitals, and the Department of Pathology, 

Harvard Medical School, Boston, Mass.) 

Amyloidosis of parenchymatous organs, particularly of the liver, 
spleen and kidneys, is too commonplace to attract attention. Ho-w- 
ever, amyloidosis of other structures is rare. The so-called amyloid 
tumors, -while rare, are fairly well known. The tongue ^ and upper 
respiratory passages are the usual sites.^ 

Amyloidosis invol-ving the heart has been reported. Kann® 
describes a case in a 77 year-old male dying of carcinoma of the 
esophagus, compUcated by tabes dorsahs, and with a history of 
chronic alcohoUsm. The heart was markedly hypertrophied, the 
left ventricle measuring 1.9 cm. in thickness. There was diffuse 
amyloid surrounding the myocardial fibers, causing more or less 
atrophy of them. The blood vessels of the heart as well as the pul- 
monary artery -with its vasa vasorum showed marked amyloidosis, 
particularly in the media. The bronchial lymph nodes showed 
tuberculosis. 

Steinhaus ^ describes a case in a 40 year-old male -with profuse 
rectal hemorrhage as the chief clinical feature. At autopsy general- 
ized amyloidosis of the heart, stomach and intestine was found, the 
musculature appearing in gross homogeneous and glassy. No un- 
derlying process which could explain the condition was detected. 

In three cases reported by Lubarsch,® widespread amyloidosis of 
the muscular systems occurred. In the first case, a man 54 years of 
age, empyema was found. The heart, skeletal and smooth muscle, 
and the corium aU showed amyloidosis. In his second case, a woman 
66 years of age, who died of purpura hemorrhagica and mitral en- 
docarditis, amyloid was deposited in the heart, tongue, skin and 
smooth muscle. Carcinoma of the pylorus was the cause of death 
in the third case, a 45 year-old man, whose heart, intestinal mus- 
culature, spleen, lymph nodes and prostate were the sites of amyloid 
deposition. This group, -with the possible exception of the first, had 

* Received for publication November 7, 1929. 
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above a point of partial obstruction. However, no obstruction 
made out. Otherwise negative. Marked muscular thickening about 
anus. , 

Liver: Weight 1230 gm. Capsule smooth. On section markings 
distinct, purplish red in color. 

Gall Bladder: Wall 0.4 cm. thick, firm and ^ay. Contains ap- 
proximately 80 cc. of yellowish bile. Bile ducts patent. 

Adrenals: Negative. 

Kidneys: Right 145 gm., left 155 gm. Reddish brown in color. 
On section normal markings distinct. Capsule strips readily from 
smooth surface. Glomeruli visible. Pyramids well marked. Pelves 
negative. Ureters negative. 

Bladder: Wall considerably thickened, elastic and pale. 

Genitalia: Two large, pedunculated, subserous, calcified, irregular 
masses, one 6 cm., the other 8 cm. in diameter, are adherent to 
fundus of uterus. On section uterus negative. Tubes and ovaries 
negative. External genitalia negative. 

Veins: Wall of vena cava half again as thick as normal and some- 
what stiff. 

A aria: Scattered, deep yellow atheromatous plaques in abdominal 
and thoracic portion. At left of celiac axis aorta compressed and 
forced to left by hypertrophied crura of diaphragm. 

Thyroid: Negative. 

Microscopic Examination- 

Heart: Between muscle fibers and in many instances compressing 
them is a hyaline acidophilic deposit fairly abundant and in some 
places causing practically complete atrophy of fibers. Endocardium 
somewhat thickened and irregular -with similar glossy, translucent 
material. 

Lung: Moderately congested. Alveoli contain large numbers of 
phagoc3d:es distended with fat droplets, sometimes attaining a very 
considerable size. At one point these are surrounded by fibrous 
tissue. Media of blood vessels somewhat thickened and acidophilic 
•with scattered compressed cells present. Pleura moderately thick- 
ened by fibrous tissue and small amounts of acidophilic hyaline 
material. 

Diaphragm: Serosal surface greatly thickened by fibrous tissue 



AMYLOIDOSIS OF MUSCULAR SYSTEMS 


163 


Primary Incision: Y type. Panniculus adiposus 4 mm. thick. 
Fat translucent and watery. Musculature of abdominal wall gray- 
ish and tough, cutting like gristle. 

Peritoneal Cavity: Surfaces smooth and shining. No free fluid. 
Appendix thickened, 8 cm. long, retrocecal. Diaphragm 4th rib 
right, 5th space left. Mesenteric lymph nodes slightly enlarged. 
Cisterna chyli considerably dilated. 

Pleural Cavities: Right, surfaces smooth, contains approximately 
100 cc. of clear, straw-colored fluid. Left almost completely obliter- 
ated by dense fibrous adhesions. 

Pericardial Cavity: Surfaces smooth and shining but pericardium 
definitely thickened and stiff. 

Heart: Weight 410 gm. Over epicardimn along vessels are rough, 
thickened, gray foci. Wall of left auricle is strikingly thickened and 
leathery, measuring 0.7 cm. in diameter. On section no muscle 
fibers seen in auricifiar walls, which are white and firm. On lateral 
aspect of right ventricle just below tricuspid valve is a firm white 
mass embedded in muscifiature measuring 1.5 by 2.5 cm. in diameter. 
Near apex of left ventricle is a firm whitish mass fading imper- 
ceptibly into musculature measuring 3 by 2.5 by i cm. This is 
covered by epicardium. On section these foci are white, glistening, 
tough and show traces of preexisting markings. No abnormalities 
of valves noted. Endocardium negative. Coronaries thickened but 
not calcified. 

Lungs: Both lower lobes dark red, injected and meaty. From 
left lower lobe a moderate amount of grayish red thick fluid can be 
ejqjressed. Anterior mediastinum practically obliterated by thick- 
ened fibrous tissue which overlies pericardium and causes it to adhere 
closely to under surface of sternum. 

Diaphragm: Cuts with marked resistance. Both serosal surfaces 
white and thickened and musculature is dry, gray and gristly. 
Diaphragm ranges from 0.5 to i cm. in thickness. Both crura of 
diaphragm are greatly thickened, right more than left, and they 
compress aorta. 

Splee7i: Weight no gm. Capsule smooth. On section normal 
markings distinct. Slight amount of pulp is scraped away. 

Pancreas: Weight 85 gm. Negative. 

Gastro-Intestinal Tract: Entire musculature moderately thick- 
ened, tough and elastic, suggesting hypertrophy of musculature 



i66 


WARREN 


Breast: Marked irregularity of structure. Some epithelial 
hyperplasia in ducts. Much connective tissue is hyalinized and 
gives reactions typical of amyloid. At one point there is a consider- 
able portion of osteoid tissue and bone with a formation of somewhat 
fibrotic marrow. 

Lymph Node: Moderate hypeiplasia. 

Aorta: Moderate thickening of intima. Some fibrosis of media. 

Mesenteric Vessels: Marked infiltration of media by hyalinized 
material giving characteristic staining reactions of amyloid. 

Striated Muscle (Rectus Abdominis): Broad strands of hyaline 
material with occasional compressed fibroblasts. Also, compressed 
muscle cells set in a matrix of hyaline acidophilic material giving 
typical staining reactions of amyloid. 

Smooth Muscle: Atrophic fibers embedded in homogeneous 
matrix with typical staining reactions of amyloid. 

Cheek: Beneath corium, masses of hyaline material compressing 
fibroblasts and surrounding and compressing striated muscle fibers. 
This material gives typical staining reactions of amyloid. 

Tongue: Connective tissue contains large masses of hyaline 
material giving typical staining reactions of amyloid. Similar sub- 
stance in media of blood vessels and surrounding and compressing 
striated muscle fibers. Moderate endothelial and lymphocytic 
infiltration beneath epithelium. 

Anatomical Diagnoses: Amyloidosis of heart, diaphragm, intes- 
tine, stomach, esophagus, muscles of thighs, chest, abdomen, 
tongue and cheeks, bladder, gaU bladder, arteries and veins; broncho- 
pneumonia; healed pleuritis, left; hydro thorax, right; leiomyoma of 
uterus with amyloidosis. 


Discussion 

Amyloidosis is practically always associated either with wasting 
diseases, chronic inflammation or a tumor process. In the present 
case, as in the case of Steinhaus, we seem to be dealing rather with a 
widespread perversion of function of the connective tissue elements 
of the muscular structures of the body, involving smooth muscle, 
striated muscle and heart muscle. There is no indication of any pro- 
cess which might have brought about this change in function. The 
extremely imusual finding of bone in the stroma of breast tissue 
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with slight lymphocytic infiltration. Only few nuclei in fibrous tis- 
sue, and pale acidophilic hyaline material giving the typical re- 
actions for amyloid present. Media of blood vessels considerably 
thickened and hyalinized. Muscle fibers in diaphragm atrophic and 
some have entirely disappeared and are embedded in a very dense, 
almost acellular, hyaline acidophilic matrix, giving the typical 
reactions for amyloid. 

Spleen: Hyaline thickening of intima of smaller blood vessels and 
of media of larger blood vessels. Otherwise negative. 

• Pancreas: Slight postmortem change. Otherwise negative. 

. Stomach: In outer portion of muscularis muscle cells compressed 
and in many places replaced by hyaline, amorphous, acidophilic 
substance giving the typical reactions for amyloid. 

Small Intestine: Similar material involving both circular and 
longitudinal muscular coat. In some places this change is so marked 
in the longitudinal coat that only occasional atrophic fibers are 
present in a wide expanse of hyaline matrix. Mucosa essentially 
negative. 

Liver: Some hepatic arterioles almost obliterated by marked 
hyaline acidophilic infiltration of media. Liver cells essentially 
negative. Some slight congestion. Sinusoidal endothelium slightly 
more prominent than usual. 

Gall Bladder: Wall markedly edematous. Blood vessels show 
hyaline material in media. 

Adrenal: Slight increase in fibrous tissue involving zona glomeru- 
losa. Hyaline infiltration of media of blood vessels. 

Kidney: Congestion. Some sclerosed glomeruli. Edema in some 
tubules. Larger vessels show hyaline infiltration of media. 

Bladder: Scattered atrophic small muscle fibers embedded in a 
very dense acidophilic, homogeneous hyaline stroma ^ving typical 
reactions of amyloid. Large deposits of similar substances in walls 
of arteries and veins. 

Uterus: Small, partly encapsulated nodule shows peripherally 
interlacing bands of fibers embedded in a somewhat hypertrophied 
stroma and showing centrally only occasional scattered muscle 
fibers embedded in a dense hypertrophied stroma giving typical 
reactions of amyloid. Remainder of uterine musculature in some 
portions normal, in other portions atrophic and embedded in homo- 
geneous matrix giving reactions of amyloid. 
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Plate 35 

Fig. I. Median section through heart showing replacement of wall of left 
auricle by amyloid, mass of amyloid near apex, and small foci of amyloid 
about blood vessels in ventricular walls. A small portion of right auricle 
with walls similar to left is shown. 

Fig. 2. Wall of left ventricle showing extensive amyloid deposits and extreme 
hydropic degeneration of myocardial fibers. x 200. I 
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showing only slight chronic mastitis suggests that this amyloidosis 
is perhaps the expression of a widespread dysfunction of fibroblasts. 

In the light of the distribution of the substance, there can be no 
question but that it is the product of abnormal fibroblastic activity 
as in many places it has formed at a considerable distance from blood 
vessels. A striking feature is the relatively large amount of amyloid 
laid down in some places in the heart, forming in gross discrete 
tumor masses, and in the longitudinal muscular coat of the small 
intestine, the muscle fibers being separated from one another by 
interspersed deposits of amyloid more than five times the diameter 
of the fibers themselves. 

There is no evidence of amyloidosis in the organs usually affected, 
such as the liver, spleen and kidney, other than a slight involve- 
ment of the media of their blood vessels. 

Summary 

A case of generalized amyloidosis of the muscular systems is 
reported. The evidence indicates a widespread perversion of fibro- 
blastic function. The parenchymatous organs are not involved. 
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Plate 36 

Fig. 3. Diaphragm. Marked deposit of amyloid with atrophy of muscle fibers. 
X 200. 

Fig. 4. Deposition of amyloid in muscularis of stomach showing marked 
atrophy of smooth muscle fibers. x 200. 

Fig. S- Tongue showing replacement of striated muscle b}’' hyaline connective 
tissue and amyloid. x *200. 

Fig. 6. Formation of bone in stroma of breast. x 200. 
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being much greater however in the lesions where fowl-pox was a 
factor. This same difference in the extent of the swelling was noted 
after seven days. After three days, five days and seven days pieces 
of skin from each of the three types of lesions were removed for 
microscopic sections. 

Since the Guarnieri bodies of vaccinia are reported as being more 
readily demonstrated in the cornea than in the skin of the fowl,^ 
comeal inoculations with the vaccinia virus were made on seventeen 
chickens as well as on a large number of rabbits and rats. Some of 
the chickens were immune to fowl-pox while others were normal. 
The condition of immunity to fowl-pox apparently made no dif- 
ference in the chicken’s response to the vaccinia virus. 

For comparison with the vaccinia lesions a number of chickens 
were inoculated on the cornea with fowl-pox virus. All of the fowl- 
pox inoculations were made with the vims which we have used ex- 
perimentally for the past two and a half years.® For the various vac- 
cinia inoculations four different samples of stock vaccine (Squibb) 
were used, as weU as a substrain of the Levaditi neurovaccine. 

Microscopic Findings 

The marked contrast in the histology of the vaccinia and fowl-pox 
lesions is illustrated in Figs, i and 2. Each figure represents a sec- 
tion from a seven-day lesion. In the vaccinia lesion, Fig. i, there is 
very little epithelial hypertrophy and hyperplasia compared to the 
great epithelial overgrowth in Fig. 2. In the latter section the 
swollen feather follicles make tumor-like projections into the sub- 
cutaneous tissue, or appear as circular masses of cells where they 
have been cut transversely. The inflammatory reaction, on the 
other hand, is more pronounced in the vaccinia lesion which shows 
the subcutaneous tissue heavily infiltrated with lymphocytes and 
large mononuclear cells. Both sections show a considerable amount 
of fibroblast proliferation as well as a definite infiltration with eosino- 
philes. Guarnieri bodies were not found in the skin of the chick, 
although chicken corneas inoculated with the same vaccinia virus 
showed typical Guarnieri bodies. 

In the mixed lesion, due to the two viruses, the fowl-pox predomi- 
nates, presenting a picture similar to that shown in Fig. 2. Except 



A COMPARISON OF THE LESIONS OF FOWL-POX AND 
VACCINIA IN THE CHICK WITH ESPECIAL 
REFERENCE TO THE VIRUS BODIES* 

C. Edgene Woodruef 

{From the Department of Pathology, Vanderbilt University School of Medicine, 

Nashville, Tenn.) 


The study of filtrable virus diseases has repeatedly been com- 
plicated by observers who have claimed an identity of unrelated 
viruses. The attempt to prove that the virus of fowl-pox will pro- 
duce the characteristic lesions of vaccinia in rabbits and in man was 
refuted by Andervont ^ in a careful study of the subject. Recently 
work has appeared in which the characteristic lesion of fowl-pox in 
the chicken is reported to have been produced by the vaccinia virus. 
Ludford^ claims that ^'the virus bodies produced by vaccinia in 
epidermal cells of the skin and cornea of the chick are exactly the 
same as those of fowl-pox.” My own experience with the virus 
bodies in the two diseases in question has been so completely dif- 
ferent that a series of experiments was started in the hope of clarify- 
ing the matter. 


Experimental Work 

Six small chicks (4 weeks) were prepared for inoculation by pluck- 
ing the feathers from the sides of the head (technique suggested by 
Findlay®). Two of the chicks were inoculated with stock vac- 
cinia virus (Squibb), two with fowl-pox virus alone, and two with 
fowl-pox virus mixed with vaccinia virus. The chicks were kept in 
separate cages to prevent accidental infection. 

Three days after the inoculation, the skin on the heads of all the 
chicks was found to be slightly indurated, and the feather follicles 
swollen. The lesions caused by the fowl-pox virus alone were pale, 
while the other four lesions appeared slightly inflamed. After five 
days the swelling had become more pronounced on aU of the chicks, 

* Work done while a Fellow in Medicine of the National Research Council. 
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Liidfordj^ in his description of the virus bodies produced in chick 
epithelium by the vaccinia virus, mentions the lipoidal coating of 
the bodies. Moreover he concludes his paragraph on this lesion with 
the sentence: “This study of the vaccinia virus inclusions in cells of 
the epidermis of the chick has shown . . . that both as regards their 
structure and their mode of origin, they are identical with the virus 
bodies of fowl-pox . . 

Findlay,® writing in the same volume, finds no serological rela- 
tionship between the viruses of vaccinia and fowl-pox, yet he is 
apparently ready to accept without question the statement that 
“the virus of vaccinia produces exactly similar lesions in the skin 
of the chick to those caused by the virus of fowl-pox . .. Ludford, 
in his communication, gives credit to Findlay for his pathological 
material, so it is questionable who is responsible for the error we 
feel sure has occurred. In any case we can see no other explanation 
for Ludford’s work than that he was either mistakenly dealing with 
a fowl-pox lesion or with a lesion due to the mixed viruses of vac- 
cinia and fowl-pox in which the inclusions of the latter predominated. 

Summary 

1. The histology of lesions obtained in chick epithelium follow- 
ing inoculation with vaccinia virus alone, fowl-pox alone, and the 
two viruses mixed, is described. 

2. The characteristic virus bodies of fowl-pox, whether occurring 
in the skin or the cornea of the chick, give a positive reaction for fat. 
The Guamieri bodies of vaccinia do not stain for fat. 

3. Ludford’s statement regarding the identity of the virus bodies 
of vaccinia and fowl-pox in the chick is refuted. His observations 
are due, it is believed, to the utilization of tissue from a mixed lesion 
of fowl-pox and vaccinia. 
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for the more marked infiltration of lymphocytes and large mono- 
nuclear cells in the mixed lesion this could not be differentiated 
from the lesion due to fowl-pox alone. 

The most characteristic difference between the lesions produced 
by the two viruses is seen in the virus bodies. In the skin of the chick 
no virus bodies whatsoever were found following inoculation with 
vaccinia virus, while, in the cornea, the largest Guarnieri bodies of 
vaccinia were rarely found one-fifth the size of the BoUinger bodies 
of fowl-pox. Figs. 3 and 4 indicate the difference, the black bodies 
in Fig. 3 representing Bollinger bodies magnified 300 diameters, 
while the three central cells at the bottom of Fig. 4 contain Guarnieri 
bodies magnified 1200 diameters. Moreover we have found that in 
the cornea of the chick, as in that of the rabbit and rat, Guarnieri 
bodies may best be demonstrated forty-eight to seventy-two hours 
after inoculation, while the virus bodies of fowl-pox reach their 
maximum size only after seven to ten days. 

Aside from these differences in size and time of appearance the 
virus bodies of fowl-pox, whether occurring in the skin or the cornea 
of the chick, are invariably found to have a lipoid component as 
demonstrated by fat stains of frozen sections. Fig. 3. In Guarnieri 
bodies, on the other hand, we have never obtained a positive fat 
reaction, and numerous sections have been stained for fat from both 
skin and corneal lesions in chickens, rabbits and rats. This differ- 
ence in their reaction to fat stains we have found to be an infallible 
criterion in differentiating between the virus bodies of fowl-pox and 
vaccinia. 


Discussion 

Our experiments confirm the observations of Andervont ^ that 
characteristic Guarnieri bodies result from the inoculation of vac- 
cinia virus on the cornea of chickens. These bodies, due to their 
size, time of appearance, and their failure to be colored by fat 
stains, cannot possibly be confused with the virus bodies of fowl-pox. 
However, the inoculation of mixed vaccinia and fowl-pox viruses 
on the skin of the chick produces a lesion in which the picture of 
fowl-pox predominates, with the formation of virus bodies char- 
acteristic of the latter disease. 
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Plate 37 

Fig. I. Vaccinia lesion in skin of chick, seven days after inoculation. There is a 
marked infiltration of the subcutaneous tissue vrith lymphocytes and large 
mononuclear cells. The feather follicle at the left is filled with necrotic 
cellular debris. Hematoxylin and eosin. x 40. 

Fig. 2. Fowl-pox lesion in skin of chick, seven days after inoculation. The 
extreme swelling of all the epithelial structures is apparent. The dark 
bodies in the swollen epithelial cells are the virus bodies. Hematoxylin 
and eosin. x 40. 
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Plate 38 


Fig. 3. Fowl-pox lesion in cornea of chick, seven days after inoculation. The 
black bodies are the virus bodies, which are stained a brilliant red with the 
Scharlach R. Frozen section. Herxheimer’s stain, x 300. 

Fig. 4. Vaccinia lesion in cornea of chick, three days after inoculation. Guarni- 
eri bodies may be seen in three of the cells on the basement membrane. 
Hematoxylin and eosin. x 1200. 

Fig. 5. Higher magnification of one of the cells pictured above. The areola 
about the Guarnieri bod}’- and the dell in the nucleus are clearly shown. 
Hematoxylin and eosin. x 1900. 
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iii3,rk.6cl l6ukop6ni3-j 8, Isrgc iiuiiib6r of polymoiphonuclcsr leuco- 
cytes are known to be produced rapidly and pass into the circulating 
blood so that leucocytes known to be in varying stages of the life 
cycle could be studied. Such a situation is offered in the conditions 


Exp. 23.10 

Nov. 1923 Dec. 

Dote 

m 

m 


m 

m 

m 


E 


2 

E 


2 

E 

m 

E 

2 

D 


B 

B 

E 

E 

B 

m 

□ 

OiHicraolnrc.ee 

m 

m 

■ 


m 

EE 

m 

m 

■ 

■ 

m 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

m 

■ 

■ 

m 

■ 

offer 1*^ In). 

m 

■ 

■ 

■ 

D 



B 

m 

B 

B 

B 

B 


B 

m 





m 

B 

B 


m 


10,000 





■ 

■ 

■ 

■ 

m 

■ 

■ 

■ 

■ 








■ 


■ 

■ 











■ 

■ 

■ 

■ 

■ 










■ 

■ 



9,000 


ri 

1 

■ 



















■ 

■ 




'■ 

n 

■ 



1 



■ 

■ 


■ 








■ 


■ 

■ 



8,000 


■ 


■ 

■ 

■ 

■ 

■ 


■ 

■ 

■ 









■ 



11 





1 

■ 


n 


n 













n 


fl 

V 


□ 

7,000 




L 

n 
















w 


1 

IT 

i 

u 



il 






J 











m 

kl 



m 

1 

6,000 

i 




1 


■ 

■ 


■ 

■ 





m 

■ 




■ 

y 

■ 

■ 





■ 

■ 


■ 




■ 

R 



■ 

■ 

m 

■ 


■ 

■ 

■ 


1 


i 


5,000 





m 















n 

L 











1 




rr 

kl 



r 

r 



□ 

li 





r 


4,000 






.1 




n 










N 












kl 




fi 


1 







■ 

m 







3,000 

■ 

■ 

■ 

■ 


H 

■ 

■ 


H 



1 

■ 

■ 

■ 



■n 

1 






■ 

■ 




11 


■ 

■ 

ri 



H 

■ 

■ 

■ 



■ 








2,000 






V 

■ 

■ 

■ 





m 

■ 

■ 

1 


il 








■ 

■ 


■ 


■ 

■ 


■ 




] 


■1 




li 








1,000 

■ 

■ 


■ 



ll 

■ 

Wl 






m 

■1 

n 


y 














H 

■ 

■i 





■1 


■1 

■1 

El 

■ 








0 


■ 

■ 

■ 



K 




1 



■ 

K 

S' 

S' 

m 

■1 









■ 

■ 

■ 



■ 

■ 

■ 





■1 

■1 

i 

il 

□ 

_ 

□ 

■1 


1 





Chart 17 (Exp. 23.10). Total leucocyte curve. 


resulting from subcutaneous injections in rabbits of an olive oil- 
benzol mixture such as have been reported in previous articles of 
this series. 

Article I ^ of this series shows that, as a result of such injections, 
there is a rapid decrease in the number of leucocytes in the periph- 
eral circulation, after which a primary rise occurs. This is in turn 
followed, in each case, by a secondary fall and a secondary rise to a 
normal level, similar to that existing before the injections were 
made (Chart 17). The term “protophase” was applied to the pri- 
mary fall and rise and “deuterophase” to the subsequent fall and 
rise. In articles V ® and VII ® of the series it has been further pointed 
out that the cells chiefly involved in the diphasic leukopenia are 
















THE VALUE OF THE ARJSfETH COUNT IN DETERMINING 

THE AGE OF NEUTROPHILE (AMPHOPHUE) LEUCOCYTES 

(RABBIT)* 

The Action of Benzol V TTT 

Emily Hunt and H. G. Weiskotten 

{From the Department of Pathology, Syracuse University College of Medicine, 

Syracuse, A'. Y.) 

In 1904 Arneth published a monograph, “Neutrophile Leuco- 
cytes in Infectious Diseases,” ^ based on a study of blood smears 
from many different cases of acute and chronic infections. He stated 
that the most important morphological changes were foimd in the 
nuclei of polymorphonuclear neutrophile leucoctyes. He divided 
these leucocytes into five different classes according to the arrange- 
ment of the nuclear material. 

Briefly the classes are: Class I, mononuclear forms of the myelo- 
cyte type or with slightly indented nuclei; Class II, those with two 
distinct nuclear lobes; Classes III, IV, and V, showing three, four 
and five lobulations of the nuclei respectively. Each class has sub- 
divisions according to the shape of the nuclear portions, whether 
round or S-shaped. Arneth stated that the percentage of cells in 
the various classes is constant in health but changes in infectious 
conditions, the change usually being in the direction of an increase 
in the percentage of Classes I and II, and decrease or disappearance 
of cells in Classes III, IV and V. He interpreted these findings by 
assuming that the simpler nuclei represent an earlier stage of de- 
velopment and in infectious processes the older cells are replaced by 
those of a younger generation. Particular emphasis has been given 
to the prognostic value of this classification in pulmonary tuber- 
culosis.^ 

Since Arneth’s report various other investigators ® have studied 
the question of the nuclear lobulations of the pol3Tnorphonuclear 
leucocytes and several simplifications of the original classification 
have been made. 

Experimental verification of the interpretation of Ameth’s clas- 
sification would seem to be possible in a situation where, following a 

* Received for publication October 21, 1929. 
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Table I 

Arneth Count {percentages) Exp. 14.38 


Oct. 4, ipis 

Total 

leucocyte 

count 

Arneth count 

Unsegmented nuclei 

Segmented nuclei 

Group I 

Group 11 

Group m 

Group IV 

Average before injection 

14,000 

0 

31 

38 

36 

Extreme leucopenia 

SOO 

21.6 

64 

7-1 

7-1 

Deuterophasic rise ist day 

600 

4 

67 

20 

9 

and day 

2,100 

1-3 

65.6 

27 

6 

Sth day 

9,400 

8.7 

45-2 

28.7 

17-3 

7th day 

16,800 

3 

42 

36 

19 

gth day 

17,500 

2.6 

27 

32 

38 


Table II 

Arneth Count {percentages) Exp. 23.10 


Nov. 17, 1923 

Total 

leucocyte 

count 

Arneth count 

Unsegmented nuclei 

Segmented nuclei 

Group I 

Group II 

Group III 

Group IV 

Average before injection 

9,000 

0 

29.9 

35-7 

34-3 

Extreme leucopenia 

500 

* 

* 

* 

* 

Deuterophasic rise 3rd day 

4,460 

5.81 

60.8 

28.9 

4-3 

4th day 

8,200 

m 

47-3 

35 

1 

16 

6th day 

8,500 

Hi 

44.1 

32.4 

22 

7th day 

8,980 


41.9 

31.2 

26.8 

9th day 

7,540 

■ 

36 

32 

32 


* Insufficient number of amphophiles found to warrant tabulation. 

















































































AENETH COUNT IN DETERMINING AGE OF LEUCOCYTES 


polymorphonuclear amphophiles and that the phenomenon is ac- 
companied by marked aplasia of the bone marrow following the in- 
jections, with active regeneration occurring at the time of the 
deuterophasic rise. This deuterophasic rise is the result of the 
entrance into the circulation from the regenerating marrow of newly 
formed amphophiles. 

A study of the forms of the amphophile nuclei during this rapid 
increase in numbers offers excellent opportunity to test the validity 
of Arneth’s assumption that leucocytes with simple nuclei are young 
cells and those with segmented nuclei are more mature . 

Experiments 

The study was made as follows: Smears of blood taken on several 
days preceding the benzol injections were examined to obtain a 
basis of comparison and the amphophiles counted and classified as 
described below. Counts were then made on blood smears taken 
during the time of the deuterophasic rise and the results tabulated 
in percentages of the different groups. The blood smears were 
stained with Wright’s stain. 

The method used in classifying the amphophiles is based on a re- 
port by Pons and Krumbhaar,® the cells being arranged in four 
groups as follows: 

Group I: Cells, the nuclear material of which is in one mass, 
round, oval or indented not more than one-half through its width. 

Group II: Cells, the nuclear material of which is not divided into 
segments, but may be lobed, spiral, looped, rosette or variously 
irregular. 

Gj-otip III: Cells, the nuclear material of which shows segmenta- 
tion into two parts either entirely separate (as viewed in the smear) 
or seen to be connected by a narrow filament. 

Group IV : Cells, the nuclear material of which shows segmenta- 
tion (as in Group III) into more than two parts. 

The reason for separating Groups III and IV is that some added 
information is thus given and a clearer conception may thus be 
formed of the numerical status of the (so-called) oldest cells. Also, 
Group III seemed to form a sort of “middle group ” which varied 
less with changing conditions than the extremes in I and IV. 

Eight cases and approximately ten thousand ceUs were studied. 
Cells which were badly distorted or poorly stained were not counted. 
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2 . Cells of Group II are the most prominent type at the beginning 
of regeneration and in turn decrease to a percentage comparable to 
that of the average before injection. 

3. Cells of Group IV are relatively rarer in the early days of 
regeneration and increase in number until the average relation be- 
fore injection is approximated. 

Conclusions 

The cells liberated from a regenerating bone marrow in such 
quantities as to produce a rapid increase in the total number of 
circulating leucocytes must of necessity have a relatively larger 
number of recently formed cells than would normally be found. 
Such rapid increase means that new cells are entering the circulating 
blood more rapidly than those already present mature and end 
their life cycle. 

Normally the production and death of amphophiles must proceed 
at a fairly uniform rate and the percentage of young and old forms 
would be expected to remain fairly constant through this balance of 
production and destruction of the cells. The counts made on normal 
animals showed that the Ameth count remains constant within 
reasonable limits. When the total number of leucocytes is rapidly 
changing, the balance of production and death of cells is obviously 
disturbed. Such a condition resulted from the benzol injections and, 
in the portion of the curve studied, intensive production was taking 
place causing “increasing birth rate over death rate.” At this point 
a definite increase in the percentage of single lobed nuclei over 
multilobed nuclei was found to take place. 

The conclusion, therefore, seems justified that amphophiles with 
single lobed nuclei are the young or immature forms and that the 
number of lobes increases with maturity of the cells. 

We believe, therefore, from these studies that the Arneth count 
made from smears from the blood of the rabbit is of definite value in 
determining the relative age of the amphophiles, and that a “shift 
to the left” in the count (increase in per cent of the simpler formed 
nuclei) actually indicates a relative increase in the number of young 
or more immature amphophiles in the circulating blood. 
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Table HI 

Arnelh Count {percentages) Exp. 23.11 


Nov. 17, 1923 

1 

Total 

leucocyte 

count 

Arneth count 

Unsegmented nuclei 

Segmented nuclei 

Group I 

Group II 

1 

Group ni 

Group rV 

1 

Average before injection 

8,000 

0 

31 

35 

34 

Extreme leucopenia 

200 

♦ 

* 

* 

4: 

Deuteropbasic rise and day 

1,000 


♦♦ 

** 

** 

3rd day 

3,000 

9-5 1 

61.9 

21.4 

7-1 

1 

Sthday 

6,800 

1 

48.9 

21.7 

22.8 

1 

7tli day 

7,800 

H 

42 

35-5 

18.7 

loth day 

9,600 

H 

40 

37 

23 


* Insufficient number of amphophiles found to warrant tabulation. 
** Smear unsatisfactory. 


In making the counts at the stage of most extreme leucopenia, a 
search of the entire slide was made and even then in some instances 
only eighteen to twenty amphophiles were found. However, as the 
character of these cells at this point was fairly uniform and clear-cut 
in every case, the results were felt to be sufficiently accurate to be 
acceptable. 

Some of the slides did not show the nuclear divisions clearly. 
The counts on these days were omitted. The results in general were 
imiform in aU cases studied. Those in three cases are shown in 
Tables I, II, and IH, 

Results 

The tables show that, in the period corresponding to the regenera- 
tion of the bone marrow and consequent liberation of amphophiles 
into the circulating blood {i. e. deuterophasic rise), the following 
variations from the normal averages occur. 

I. Cells of Group I appear in the circulation in percentages vary- 
ing from 2 per cent to 21 per cent, then gradually drop out of the 
blood picture as the leucocyte count returns to normal. The counts 
made before the benzol injections show no cells of this type. 
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Histopathology 

As a basis for the subsequent discussion it is proposed to consider 
briefly at this time those features of the histopathology of the mar- 
row which have to do with the diphasic character of the leucopenia. 




Oct - 1914 


Da,fe 


Oil-Be7i2olnK.c 




lamaMBBBaamag 


13,000 


IS.OOO 


11,000 


10,000 


IBSI 


9,000 


8.000 


T,O00 


6,000 


IIIL 

iiriii 

IlfiWI 


jrcB 
iBfia 
Mfli 


nil , 
IHHI 


4,000 


3,000 


s,ooo 


1,000 


SB 

iBa aBa awaaBaBBRBBa aa aBBijBg 

nasBs 

mbrSSb 

bbShb 

MBR 

■a88SS wSBBBBBj|J 


SBBBnflBflBBB^II 

■BBBBBSflBBBRniWBfll 




• Totai, Leucocytes 


• — — — Polynuclear. Amphophiles 

Chart 18 (Exp. 14.27). Total leucocyte and absolute 
polynuclear amphophile curves. 

The histopathology is based on rabbits which died and on rabbits 
which were killed at various stages of the diphasic leucopenia and 
showed typical though incomplete diphasic leucopenia curves up to 
the time of death. For these reasons the histopathological pictures 
cannot be perfectly correlated with complete blood pictures be- 



















THE NORMAL LIFE SPAN OF THE NEUTROPHILE 
(AMPHOPHILE) LEUCOCYTE (RABBIT) * 

The Action of Benzol IX 

H. G. Weiskotten 

{IFrom the Dcparlmcnt of Pathology, Syracuse University College of Medicine, 

Syracuse, N. F.) 

Heretofore apparently the life span of somatic cells in their 
normal somatic environment has not been determined accurately. 
This article establishes with reasonable accuracy the normal length 
of life in the body of the normal amphophile leucocyte from the time 
when it passes from the marrow into the blood and imder somatic 
conditions which are relatively normal. 

In previous articles of this series ^ attention was called to the 
fact that after exposure to the action of subcutaneous injections of 
olive oil-benzol mixture (equal parts of olive oil and benzol), the 
leucocyte curve follows a course, a portion of which we have called 
“diphasic leucopenia.” In an average of six days after the beginning 
of an average of four and a half daily injections of 1.5 to 2 cc. per 
kilo of body weight, the curve falls to the neighborhood of 1,000. 
This fall is followed by a primary rise to a normal level. Then, inde- 
pendently of any further injections, the curve again falls to a level 
as low or nearly as low as reached in the primary fall. Following this 
secondary fall there occurs a rise of the curve to a normal level and 
there is no evidence of any subsequent falls (Charts 18 and 19). To 
the phase of the leucocyte curve involving the first period of leuco- 
penia we have given the name “protophase,” and to that involving 
the second period of leucopenia the name “deuterophase.” 

In the fifth article ® of this series it was shown that in the diphasic 
leucopenia resulting from subcutaneous injections of olive oil- 
benzol mixture in rabbits the amphophile and small mononuclear 
curves run more or less independently of each other and that the 
diphasic character of the leucopenia is essentially a poljmuclear 
amphophile phenomenon. 

* Received for publication December 8, 1929. 


183 



i86 


WEISKOTTEN 


The injections of the benzol mixture result in necrosis and aplasia 
of the bone marrow. In surviving animals this is followed by resolu- 
tion and regeneration. Regeneration is initiated by the develop- 
ment from various centers of islands of regenerating cells. These 
islands consist of practically pure cultures of the various bone mar- 
row cells. In the early stages of regeneration these centers are well 
isolated, some consisting entirely of myelocytes (Figs, i and 2), 
others of megakaryocytes (Figs. 3 and 4), and still others of nu- 
cleated red cells. Later as regeneration progresses the various cen- 
ters tend to intermingle in their growth and are accompanied by the 
mature cells which they produce. Observations bearing upon this 
matter were made by Selling,^ and have been confirmed by MacCal- 
lum.® 

In relation to the diphasic amphophile leucopenia, we have con- 
fined the marrow studies to amphophiles and amphophilic myelo- 
cytes, these latter being perhaps the only cells of the marrow 
parenchyma that can be certainly identified in fixed and stained 
tissues as being forerunners of amphophiles in the blood. In the 
sections we distinguish between original and regeneration myelo- 
cytes. As mentioned above the regeneration myelocytes appear to 
be characteristic in morphology and environment. 

The regeneration myelocytes make their earliest appearance at 
the climax of the deuterophase; the earlier ones probably dif- 
ferentiating from more immature forms. 

All other amphophilic myelocytes in the marrow are like those in 
normal marrow. For this reason we designate them as original 
myelocytes. 

Examination of the marrows of rabbits dying or killed at the 
climax of the protophase, shows marked necrosis and aplasia. How- 
ever, practically aU show certain numbers of amphophiles and 
original amphophilic myelocytes but no regeneration myelocytes. 
As will be emphasized later, it is these surviving amphophiles and 
surviving original myelocytes which bring about the protophasic 
rise. 

The marrows of rabbits killed at the end of the protophasic rise 
show practically complete aplasia with very few, if any, amphophiles 
or original amphophilic myelocytes, and no regeneration myelo- 
cytes. The marrow appears practically completely aplastic. 

The marrows of rabbits dying and killed at the climax of the 
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cause there are no data in regard to those parts of the blood pictures 
which would have occurred if the rabbits had survived. In the 
case of a rabbit presenting the blood picture of a typical diphasic 
leucopenia up to the time it died or was killed, there is no way of 
determining whether the remainder of the blood picture would have 
presented the completion of a typical diphasic leucopenia if the rab- 
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Chart 19 (Exp. 14-38). Total leucocyte and absolute 
polynuclear amphopHle curves. 

bit had survived. For these reasons considerable numbers of rabbits 
at stages of the diphasic leucopenia imder consideration will be ad- 
vantageous for the reaching of reliable conclusions. Our conclusions 
are based upon seven rabbits dying and two rabbits killed at the 
climax of the protophase; two rabbits d3dng and three rabbits killed 
during the protophase rise; four rabbits dying and three rabbits 
killed at the climax of the deuterophase, and fourteen rabbits killed 
after the completion of the phenomenon. 
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the blood and marrow has discontinued, because return of the uri- 
nary phenol curve to the level existing before injections indicates 
that the injected benzol has been eliminated.® The end of the 
protophasic amphophilic rise occurs about two days later. The 
protophasic amphophilic rise is the result of access from the marrow 
to the blood of surviving mature amphophiles and of amphophiles 
differentiating from surviving original amphophilic myelocytes. 
The two processes of access and differentiation may be assumed to 
go on more rapidly with the cessation of the action of injected 
material on the involved cells. The rapidity would probably be 
accentuated as a reactive result of the existing leucopenia. 

Examination of the average amphophile curve in Chart 9,® 
shows that the amphophile level at the end of the protophasic 
amphophilic rise is the same as that existing before injections. Ex- 
amination of the amphophile curve in Chart 19 shows that it may 
remain at this level for over four days. This period of constant 
level which occurs in a considerable number of cases is of funda- 
mental interpretative importance. During this period elevations 
and depressions in the curve are due to daily variation in the ampho- 
phile count. In cases in which there occurs such a period of constant 
normal level at the end of the protophasic rise it means that the 
supply of marrow amphophiles (from original myelocytes) available 
to the blood is large enough, not only to bring about the protophasic 
amphophilic rise to the level existing before injections, but also to 
maintain it at that level for a time by compensating for the disap- 
pearance from the blood of those which perish as a result of reaching 
the end of their life history. 

In cases in which no such period of constant level (Chart 18) 
occurs it means that the supply of marrow amphophiles available to 
the blood is exhausted in bringing about the protophasic ampho- 
philic rise. As a matter of fact such supply of amphophiles is in 
some cases insufiScient to bring the protophasic rise up to the 
original normal level. 

Next, the exhaustion of the supply of marrow amphophiles 
available to the blood results in the deuterophasic amphophilic fall. 
The deuterophasic amphophilic fall is directly dependent upon the 
disappearance from the blood of those amphophiles which perish. 

At the beginning of the fall, practically the total potential supply 
of amphophiles is represented by those in the blood. Among them 
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deuterophase show extreme aplasia with here ''and there colonies 
of regenerating cells such as described above. The sections indicate 
active regeneration occurring in practically completely aplastic 
marrows. 

The marrows of rabbits killed some time after the completion of 
the cycle apparently differed in no way from the marrow of rabbits 
which had not received injections. 

The Amphophile Curve 

I propose now to examine certain aspects of the amphophile curve 
and to give a correlative interpretation with certain prominent 
features of the histopathology of the marrow. Perhaps the most 
important result will be to show that low levels of the amphophile 
curve are apparently entirely dependent upon two factors, either 
one sometimes acting alone, or at other times both acting together: 

1. The extent of the destruction or death of amphophiles going 
on in the blood. 

2. The number of amphophiles in the marrow available to the 
blood. 

This will mean that low levels are independent of any alteration 
in the potential balance of physicochemical or other biological 
reactions, such as amphophilotropism. The amphophile curve re- 
mains at or below the normal level depending upon the available 
supply of amphophiles. 

As illustrated in Charts 18 and 19, there is a period of about two 
days after the beginning of injections and before the beginning of 
the protophase, during which the amphophile curve shows no effect 
of the injections. During this period, if there is any destruction of 
amphophiles in the blood, it is at once compensated for by access 
of marrow amphophiles into the blood. 

During the protophasic amphophilic fall, destruction of ampho- 
philes in the blood cannot be fully compensated for on account of 
the effective amphophile poverty of the marrow. This accounts for 
the occurrence of the protophasic amphophilic fall. 

The first evidence of the protophasic amphophilic rise appears 
about at the end of the third day after the last injection. At this 
time it is likely that initiation of amphophile destruction, that is, at- 
tack upon additional amphophiles and amphophilic myelocytes in 
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DESCRIPTION OF PLATES 
Plate 39 

Fig, I. Bone marrow regeneration. Island of regenerating myeloblasts (Exp. 
14.34). X 85. 

Fig. 2. Same as Fig. i. x iioo. 
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all ages are represented. At the end of the fall they have nearly all 
disappeared. This means that the youngest of them disappear 
within this period. The maximum duration of life of nearly all of 
the amphophiles in the blood is thus not more than the interval 
between the beginning and the end of the deuterophasic fall. The 
average duration of this interval computed from twenty-six cases 
of diphasic leucopenia is three and a half days. 

Perhaps the main complicating factor in connection with this 
argument is the increasing amphophile leucopenia which exists 
during the faU. This may be conceived of as placing an abnormal 
fimctional strain upon the amphophiles present in the blood and 
thus shortening their lives. Nevertheless the conditions approach 
vastly more nearly normal than those involved in in vitro studies of 
this problem. I know of no proof that such unusual functional cell 
activity shortens the lives of somatic cells. 

The initiation of the deuterophasic amphophilic rise depends on 
access to the blood of marrow amphophiles differentiating from 
regeneration as distinguished from original amphophilic myelocytes. 
As the supply gradually increases with progressive amphophilic 
marrow regeneration, the rise continues until the level existing before 
injections is reached, as in the case of the protophasic amphophilic 
rise, and then this level is maintained. 


Conclusions 

1. Cessation of the supply of amphophiles from the marrow re- 
sults in practically complete disappearance of amphophiles from the 
circulating blood in a period of between three and four days. 

2. The average duration of life of amphophiles in the rabbit’s 
blood is between three and four days. 
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Plate 40 

Fig. 3. Bone marrow regeneration. Island of regenerating megakaryocytes 
(Exp. 14.34 same section as Fig. i). x 85. 

Fig. 4. Same as Fig. 3. x iioo. 
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sinistra exactly as would the vena azygos into the normal superior 
vena cava (Figs. 2 to 4). No trace or vestige of a right vena cava 
superior was found nor was there a vena azygos on this side (Fig. 4). 
No other deviation of significance was found in the remaining trib- 
utaries of the superior vena cava. The course of the inferior vena 
cava and its tributaries was normal. 

Comment 

The presence of a vena cava superior on the left side as well as on 
the right is the normal condition in certain animals. Such an ar- 
rangement of the great venous trunks in man is rather infrequent. 
If present, the anomaly may be looked upon as persistence of a con- 
dition existing only during the latter part of embryonic, and the be- 
ginning of fetal life.^-^ Of this anomaly well over a hundred cases 
have been reported up to 1916 ® and imdoubtedly many more ob- 
served.^ The presence of a left vena cava superior without a right 
vena cava superior is a far more spectacular condition and one less 
likely to be overlooked. Yet in the available literature to date 
there appear to be records of only about seventeen cases. 

According to Krause,® Cheselden® reported the first case. The 
complete report, however, printed in the Philosophical Transactions 
of the Royal Society of London in 1713 reads as follows: “A heart, 
with the vena azygos inserted into the right auricle; and the de- 
scending cava coming round the basis of the heart, above the aorta 
and pulmonary vessels, to enter the auricle at the lower part with 
the ascending cava.” The brevity of this description leaves some 
doubt as to the existence of an actual situs inversus of the superior 
vena cava with complete absence of the right vena cava superior. 

The first detailed description of a case in which the superior vena 
cava showed a complete situs inversus was given by Halbertsma'^ 
in 1862. His observations were made on an injected heart, ap- 
parently of an adult. The two innominate veins imited in front of 
the arch of the aorta to form the superior vena cava which ran from 
above downward and to the left, thence continuing in front of the 
pulmonary artery, and between the pulmonary veins and left 
auricle it reached the coronary sulcus and passing to the right 
emptied into the right atrium below and to the left of the inferior 
vena cava. The vena azygos emptied into the left vena cava supe- 
rior 4 cm. below the union of the innominate veins. 



COMPLETE SITUS INVERSUS OF THE VENA CAVA SUPERIOR* 


B£la Halpert and Francis D. Coman 

{From the Department of Anatomy, Johns Hopkins University, Baltimore, Md., and 
the Department of Pathology, University of Chicago, Chicago, III.) 

During the routine anatomical investigation of the body of a 
2 weeks-old j well nourished, male, negro infant, a vascular anomaly 
was found which may be termed a “complete situs inversus of the 
vena cava superior,” the arrangement and course of the dural 
sinuses, the large venous trunks of the neck, the vena cava superior 
and the vena azygos being a mirror image of the normal. The draw- 
ings by Mr. J. F. Didusch illustrate the condition. 

At the confluens sinuum the sinus sagittalis superior appeared to 
continue into the left sinus transversus (Fig. i), while the sinus 
rectus continued into the right sinus transversus. No difference was 
noted in the size of the internal jugular veins. On the right as well 
as on the left side, the vena jugularis interna joined the vena sub- 
clavia in the usual manner. The right vena anonyma, however, had 
the usual length of a left vena anonyma, measuring about 25 mm. 
in this case and appearing rather a continuation of the vena sub- 
clavia dextra than that of the vena jugularis interna dextra. The 
left vena anonyma had the usual length of a right vena anon3mia, 
measuring about 9 mm., and appearing rather a continuation of the 
vena jugularis interna sinistra than of the vena subclavia sinistra 
(Fig. 2). 

The junction of the right and left venae anonymae occurred in 
front of the arch of the aorta at about the level of the left sterno- 
clavicular articulation. The vena cava superior, thus formed, joined 
the sinus coronarius after passing between the pulmonary artery 
and the left auricle on its right and the upper lobe of the left lung to 
the left. The size of the vena cava superior sinistra was about the 
same as that of a normal right vena cava superior. It measured 
from the anonyma angle to the point of entrance into the sinus 
coronarius about 30 mm. ; the length of the greatly enlarged coronary 
smus was about 25 mm. (Fig. 3). Before entering the pericardial 
cavity, a large venous trunk emptied into the vena cava superior 
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In 1899 Mausert^® described a complete situs inversus of the 
vena cava superior in a 4 year-old girl, dead from diphtheria. The 
right vena cava superior was entirely absent and the left vena cava 
superior emptied into the greatly enlarged coronary sinus which in 
turn opened into the right atrium, a little more to the left than is 
usual. The heart was otherwise normal. There were two azygos 
veins; a larger left emptied into the vena cava superior just before 
it entered the pericardial sac, a narrow right emptied into the right 
innominate vein. 

In igio Gozuloff described a complete situs inversus of the vena 
cava superior in a 30 year-old male typhus victim. The anomaly 
was noted six years previously by V. P. Oven in the course of routine 
dissection in the Department of Anatomy, University of Kiev. No 
trace of a right vena cava superior was present. The vena azygos 
emptied into the left superior vena cava 5.5 cm. below the junction 
of the innominate veins. The vena hemiazygos emptied into the 
vena azygos. 

Dietrich in 1913 described a complete situs inversus of the su- 
perior vena cava in a 29 year-old woman who died of fibroxantho- 
sarcomatosis. There was no vena azygos on the right side. The 
left vena azygos entered the superior vena cava just before it pierced 
the pericardium. 

Schiitz in 1913 reported a clear-cut complete situs inversus of 
the vena cava superior in a male, aged 61 years. “Vena cava supe- 
rior in latere sinistro descendens (ductus Cuvieri sinister persistens). 
Vena azygos sinistra, vena hemiazygos dextra.” This case had been 
recorded previously by Genersich in the Hospital Annals of the City 
of Budapest in 1910. Schiitz mentions an exactly similar case noted 
in the First Pathological Institute of the University of Budapest. 

Niitzel in 1914 described a case, in a 25 year-old male, in which 
the only vena cava superior present was the left. This opened into 
the coronary sinus at the atrioventricular border line. The coronary 
sinus was large and although empt3dng into the left atrium com- 
municated also with the right. At the junction of the superior vena 
cava and the coronary sinus emptied the vena cordis magna “linke 
Kranzvene.” The vena azygos opened into the vena cava superior 
sinistra. 

Smith in 1916 described a complete situs inversus of the vena 
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In 1876 Greenfield ^ reported to the Pathological Society of Lon- 
don a case of a male, aged 39 years, in which due to an abnormal 
mode of development of the great venous trunks the left duct of 
Cuvier instead of the right, persisted as the main channel for the 
venous blood from the head and upper limbs to the right atrium. 
In this case apparently the left trunk alone persisted; “the right, if 
present, which is doubtful, being represented by only a very small 
vein: the usual condition being thus reversed, and the whole of the 
blood from the upper extremities and head entering the coronary 
sinus. . . . The heart was unfortunately removed before the relation 
of the great vessels was traced.” 

In 1880 Gruber^ described the transposition of the normal re- 
lationship of the innominate veins in an adult male, i. e., the vena 
anonyma dextra was the longer of the two and ran obliquely down- 
ward to the left. The innominate veins imited to form a left vena 
cava superior. There was no trace of a right vena cava superior. A 
vena intercostalis suprema, a vena hemiazygos superior, and a vena 
hemiazygos inferior were found on the right side; a vena inter- 
costalis suprema and a vena azygos were noted on the left side. 

The persistence of a vena cava superior sinistra and the absence 
of the normal right vena cava superior in a man 26 years old,, de- 
scribed by Weigert in 1881, was attributed to an early synostosis 
of the sutura mastoidea, aplasia of the right transverse sinus and of 
the right internal jugular vein. The superior sagittal sinus continued 
into the left transverse sinus. The jugular foramen on the right was 
only one-third the size of that on the left. 

The next xmdoubted case of complete situs inversus of . the vena 
cava superior was presented in 1892 by Bedart before the Society 
of Anthropology of Paris. No remnant of a right vena cava superior 
■was present. The author gives only a meager description and apolo- 
gizes for presenting the case which according to him represented a 
condition frequently reported previously. No references, however, 
are given. 

In 1893 Boyd ^ demonstrated before the Anatomical Society of 
Great Britain and Ireland a complete situs inversus of the superior 
vena cava in a fetus. No trace of a right vena cava superior or duct 
of Cuvier could be found. There were two azygos veins of equal size: 
the right emptied into the right innominate vein, the left into the 
left vena cava superior. 



196 


HALPERT AND COMAN 


Summary 

A rare vascular anomaly in a 2 weeks-old negro infant* is de- 
scribed. The arrangement and the course of the dural sinuses, the 
large venous trunks of the neck, the vena cava superior and the 
vena azygos presented a mirror image of the normal. There was no 
trace of a right vena cava superior. 

Previous reports of this anomaly are reviewed. 
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cava superior in a middle-aged male. There was no trace of a right 
vena cava superior. The vena cava superior sinistra emptied into 
the coronary sinus which joined the inferior vena cava at its entrance 
into the right atrium. 

Monckeberg (1924) found in the collection of the Pathological 
Institute of Tubingen, the heart of an adult which apart from the 
persistence of the left vena cava superior and absence of the right, 
presented no other developmental or pathological changes. 

Benda^® (1924) mentions a complete situs inversus of the vena cava 
superior in an adult male, and illustrates the case with diagrams. 

Villa (1926) working apparently on an adult body noticed the 
presence of a left vena cava superior which continued into the sinus 
coronarius. He found no trace of a right vena cava superior; the 
vena azygos emptied into the left vena cava superior. 

Discussion 

In terms of embryology the vena cava superior consists: (c) of a 
proximal portion which is identical with the duct of Cuvier, and (b) 
of a distal portion formed by the terminal part of the vena cardinalis 
superior. The cardinal portion of the superior vena cava begins 
at the jimction of the innominate veins, its transition into the 
Cuvierian portion is marked, of course, by the entrance of the vena 
azygos which represents the cranial half of the vena cardinalis in- 
ferior. In our case the right superior vena cava either has not de- 
veloped or else has disappeared entirely, while the left remained 
taking functionally the place of the right. Whether the entrance of 
the sinus sagittalis superior into the left sinus transversus had any- 
thing to do with this transposition or whether it is only a part of it 
is open to discussion.^^ It may be recalled that the course of the 
sinus sagittalis superior is mentioned only by Weigert.^” In his case, 
as in ours, the sinus sagittalis superior continued into the left sinus 
transversus. Weigert attributed the presence of the left vena cava 
superior to an early synostosis of the sutura mastoidea, aplasia of 
the right sinus transversus and of the right vena jugularis interna. 



DESCRIPTION OF PLATES 


Plate 41 

Fig. I. View of the confluens sinuum. The sinus sagittalis superior enters the 
left sinus transversus. 

Fig. 2. Arrangement of the large vessels of the neck and thorax. The arrange- 
ment and course of the large venous trunks of the neck, the vena cava 
superior and the vena azygos present a mirror image of the normal. The 
right vena anonyma has the usual length of a left vena anonyma, while the 
left vena anonyma has the usual length of a right vena anonyma. By the 
jimction of the right and left venae anonymae a left superior vena cava is 
formed which passing in front of the aorta and arteria pulmonalis jobs the 
smus coronarius. The vena azygos enters the vena cava superior sinistra 
as would the normal azygos vem the normal superior vena cava. 
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Plate 42 

Fig. 3. Entrance of the vena cava superior sinistra into the sinus coronarius. 

Fig. 4. View of the right atrium. The asterisk marks the site where the vena 
cava superior normalty enters the right atrium. 
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slum ferrocyanide. The general principles followed in injection are 
given by Scott and Moore.® When the entire circulatory tree has 
been filled with this solution the kidney is cut into eight to ten sag- 
gital sections and the cortex carefully separated from the medulla. 
The cortex is placed in 25 per cent hydrochloric acid for twenty-four 
hours, when it is washed in water and weighed. 

Duplicate or triplicate samples are removed, and separately 
weighed. Each sample consists of ten to twelve small pieces from 
different portions of the kidney. It is planned that these samples 
together shall constitute from one twentieth to one fiftieth of the 
total weight of the cortex. The samples are replaced in 25 per cent 
hydrochloric acid and allowed to digest until the tissue just falls 
apart on gentle pressure with a needle, when they are washed and 
suspended in a mixture of 3 parts glycerol and i part 10 per cent 
chloral hydrate. The tissue is emulsified in the glycerol and placed 
on slides with a pipette. The glomeruli are plainly visible with a 32 
mm. objective and X 5 or X 10 eyepiece and are enumerated with 
the aid of a mechanical stage. From the count of the total glomeruli 
in the weighed sample, the nmnber per gram and the total in the 
entire kidney is easily calculated. At the time of removal of samples 
for coimting, five to six specimens were removed, fixed in 10 per 
cent formalin and sectioned. A study of these sections served as a 
check on the completeness of injection. In all cases at least 96 per 
cent of the glomeruh have shown Prussian blue within the capillary 
loops. 

A detailed study of the errors of this method of enumeration of 
the glomeruli in the human kidney will appear in conjunction with 
studies of the normal kidney from this laboratory. 

Results 

Three cases of enlargement associated with h)^oplasia in man 
and one case of agenesia in a dog have been studied. In each case 
the glomeruli in the enlarged kidney were emunerated. In one 
instance a count of the hypoplastic kidney was made. In aU cases 
the kidneys studied have been free of any chronic changes which 
might be associated with a decrease in number of glomeruh. 



THE TOTAL NUMBER OF GLOMERULI IN THE 
CONGENITALLY ASYMMETRICAL KIDNEY* 

Robert A. Moore, M.D. 

HANNA RESEARCH FELLOW IN PATHOLOGY 

{From the InsiiUite of Pathology, Western Reserve University, Cleveland, Ohio) 

In a recent communication^ the results of total glomerular 
counts in the enlarged kidney induced by unilateral nephrectomy 
have been presented. The present paper gives the counts of the 
total number of glomeruli in congenitally asymmetrical kidneys. 

Investigations by others have been limited to a count of the total 
glomeruli in equal areas of sections from normal and abnormal 
kidneys, but the results have been variable, 

Eckardt^ assumed that the volume of any two kidneys is in 
direct proportion to the total number of glomeruli. On the basis of 
this hypothesis he studied three cases of agenesia in man and con- 
cluded that, in congenital defects, there is a true unit hyperplasia, 
‘‘eine Verinehrung — sowoJil der glomendi wie der Earnkandlchen,^^ 
in the solitary kidney. 

F. C. Moore ^ and Gladstone^ have investigated instances of 
agenesia in man and conclude, on the basis of relative counts, that 
there is no increase in the total number of glomeruli in the single en- 
larged kidney. Boycott ® studied a case of agenesia in a rabbit and 
arrived at the same conclusion. 

Nvunerous other workers have studied examples of agenesia and 
hypoplasia, in most instances from a purely anatomical standpoint. 
The literature is well summarized by Fortune.® 

The recent development of an accurate method for enumeration 
of the glomeruli by Vimtrup ^ has opened a more exact method of 
approach to this problem. 

Method 

The general method of Vimtrup was followed. As used by us, it 
consists of irrigation of the vascular bed of the kidney with tap 
water, and injection with a medimn composed of equal parts of a 
1.5 per cent aqueous solution of ferric ammonium citrate and potas- 
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Table III 

Kidney No. 52. Lakeside Hospital No. Jigo. Male, 55 years of age, while. 
Enlarged, associated with congenital hypoplasia of the opposite kidney. 

Total cortex 200.2 gm. 

Medulla 66.75 

Ratio 1:3 


Sample 

Weight in grams 

Count 

Glomeruli per gram 

I 

4-65 

4.27 

16,800 

14,637 

3,612 

3,428 

2 . 



Total weight samples counted 8.92 gm. 

Glomeruli in samples 3i)437 

Glomeruli per gram 3,523 

Estimated total glomeruli in kidney 705,704 


Table IV 

Kidney No. 108. City Hospital No. 5830. Male, 42 years of age, white. 
Enlarged, associated with congenital hypoplasia of the opposite kidney. 

Total cortex i77'S g“- 

Medulla 42-55 gm- 

Ratio 1:4.07 


Sample 

Weight in grams 

Count 

Glomeruli per gram 

I 

■ 

■ 

23,336 

18,707 


2 





Total weight samples counted 5 - 5 ^ g™- 

Glomeruli in samples 42,043 

Glomeruli per gram 7>63o 

Estimated total glomeruli in kidney i)354)432 
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Tabib I 

Kidney No. 42. City Hospital No. 5736. Male, 60 years of age, white. Hypoplasia 
(for enlarged mate see Kidney No. 43) 


Total cortex 27.43 gm. 

Medulla 20.21 gm. 

Ratio 1:1.27 


Sample 

Weight in grams 

1 

Count 1 

Glomeruli per gram 

I . • . . 

0.94 

Q.79 

12,417 

11,248 

13,210 

14,238 



i 


Total weight samples counted 1.73 gm. 

Glomeruli in samples 23,665 

Glomeruli per gram i 3>679 

Estimated total glomeruli in kidney 37Si2i4 


Table II 


Kidney No. 43. City Hospital No. 5726. Enlarged — (For hypoplastic mate 

see Kidney No. 42) 


Total cortex 123.5 gni- 

Medulla 44.3 gm. 

Ratio 1:2.87 


Sample 

Weight in grams j 

Count 

Glomeruli per gram 

I 

0.37 

o.o'yjT 

2,783 

610 


2 

8,133 

3 

1,19 

1.65 

4 

12,606 



7,040 


Total weight samples counted 

Glomeruli in samples 

Glomeruli per gram 

Estimated total glomeruli in kidney 


3.285 gm. 
. . .25,212 
....7,674 

•• 947»739 
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kidney. This points to a fault of development not associated with a 
deficient available blood supply, and the condition should be termed 
a hypoplasia in distinction to a hypotrophy or atrophy. The lesser 
number of glomeruli also favors the application of the term hypo- 
plasia. The enlarged kidney found in congenital hypoplasia of the 
opposite side, has been designated “hypertrophic,” but it is thought 
that until there is proof that, in addition to an increased size, there 
is an increase of functional ability, the term “enlarged” should be 
employed. 

Conclusions 

The enlarged kidney associated with hypoplasia or agenesia of 
the opposite kidney contains the usual number of glomeruli char- 
acteristic for one kidney of that species. 

Note: I wish to thank Dr. Alan Moritz and Dr. Otto Saphir for 
the specimens used in this investigation and Dr. Howard T. Karsner 
for aid in the preparation of the paper. 
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Table V 

Kidney No. 105. Dog-Agenesia. {Male, setter type of mongrel, weight 15 Kgm. The 
thoracic and abdominal viscera were normal with the exception of the right urinary 
tract. The kidney, renal artery and upper third of the ureter were absent on the right 
side. The right ureter ended in a small blind bulbous sac in the region of the third 
lumbar spine. The right adrenal was normal.) 

Total cortex 35-49 gm. 

Medulla 10.77 gm. 

Ratio 1:3.29 


1 

Sample 

1 

Weight in grams 

1 

Count 

Glomeruli per gram 


0.57 

6,000 

10,527 


0.43 

4,570 


3 

0.49 

1 

4,952 

10,106 


Total weight samples counted 1.49 gm. 

Glomeruli in samples iSiSsa 

Glomeruli per gram iO)4i7 

Estimated total glomeruli in kidney 369,700 


Discussion 

Comparison of our results with the normal values of Vimtrup ’ 
demonstrates that the enlarged kidney associated with a congenital 
anomaly of its mate, contains the usual number of glomeruli char- 
acteristic for one kidney of that species. Kidneys 42 and 43 from 
the same patient, are particularly instructive, since the total in 
both, 1,322,953 is markedly below the average normal of 1,600,000 
to 2,000,000 for man. The number in the enlarged kidney is well 
within the normal range despite the low total in the h3ipoplasia. 

The count of 1,354,432 in Kidney 108 is slightly above the highest 
count reported by Vimtrup or secured by us, but the difference is 
not great and does not invalidate the conclusions. 

The ratios of meduUa to cortex, of 1:2.87, ^-3 and 1:4.07 in the 
enlarged human kidneys are greater than normal and indicate a 
relatively greater increase of cortical tissue than medullary tissue. 
The reverse is true of the h3ipoplastic kidney. 

The significance of these findings on the function of the congenit- 
ally large and small kidney is not, at once, apparent. In aU cases, 
we have noted that there is not an appreciable decrease in the size 
of the renal artery to the small kidney as compared to a normal 
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Case Report 

The tumor was found in the urinary bladder of a 4 year-old Her- 
ford cow which was slaughtered for food. The animal was in good 
physical condition, and other abnormalities were not noted on care- 
ful postmortem examination. When the bladder was opened, numer- 
ous small calculi were found. The mass, which was of a fleshy 
consistence, was j&rmly attached to the mucosa of the body of the 
bladder by a rather broad base. It measured 3 cm, in width at the 
base and projected into the interior of the bladder approximately 3.5 
cm. The growth consisted of one major lobe and two smaller units, 
separated from each other and the large unit by deep clefts. The 
surface of the tumor was fairly smooth and possessed many yellow- 
ish cystic foci measuring from 0.1 to 0.2 cm. in diameter. The growth 
did not penetrate the wall of the bladder; it was confined to the in- 
terior of the organ. 

Microscopically, the growth was made up of a large number of 
ducts or tubular-like structures, irregular in size and lacking scheme 
or system in their arrangement. Fig. i. The ducts consisted of 
closely packed epithelial cells with a dear cytoplasm and a small 
granular nucleus situated near the base of the cells, Fig. 2. A def- 
inite basement membrane was absent, the cells resting directly on 
the fibrous tissue constituting the stroma of the growth. The con- 
tents of the respective cells of the parenchyma were globular in 
form and seemed to be of a mucinous nature. Sections stained 
specifically for mucin gave the characteristic color reaction for this 
substance. Many large cystic cavities were present, each of which 
was lined with a single layer of epithelial cells of the same character 
as those lining the smaller tubules and duct-like structures. The 
height of the respective cells lining the cysts varied from high 
columnar to cuboidal; this feature seemed to have a relation to the 
pressure exerted by the contents of the cysts. The cystic content 
was of a mucinous nature; apparently it was the product of the cells 
lining the cavities. Mixed with the mucinous substance of the cysts 
were enormous numbers of leukocytes with the polymorphonuclear 
variety predominating. Excretory ducts could not be demonstrated. 
The stroma was fairly dense in consistence and possessed a few well 
formed blood vessels, although vascularity was not a prominent 



PAPILLARY ADENOMA OF THE URINARY BLADDER 
IN THE OX * 

Repokt of a Case 

WiiiiAM H. Feldman, D.V.M., M.Sc. 

{From the Division of Experimental Surgery and Pathology, The Mayo Foundation, 

Rochester, Minn.) 

The occurrence of neoplasms of the urinary bladder in the lower 
animals apparently is infrequent, if one may draw conclusions from 
the relatively few cases reported in the literature. In a series of 
sixty-three malignant tumors affecting the common domesticated 
animals, Fadyean ^ listed two in twenty-six equine tumors as af- 
fecting the bladder. Both of these occurred in mares and were con- 
sidered to be carcinomas, Cadeac^ observed carcinoma of the 
urinary bladder of a horse, with general metastasis to the abdominal 
organs, and Huynen ® reported a case of carcinoma of the bladder 
in a 6 year-old dog. The tumor occupied the anterior extremity of 
the bladder, and both ureters passed through the mass; the left 
ureter was open, whereas the lumen of the right was entirely oblit- 
erated, Hobday^ listed papilloma, sarcoma and carcinoma as 
tumors of the urinary bladder which may be encountered in dogs 
and cats. He also described briefly a few cases in dogs. Of a total of 
1184 carcinomas of the lower animals studied by Sticker,® the genito- 
urinary tract was affected in 195. Primary carcinoma of the bladder 
ocemred in nine dogs, fourteen horses, and nine cattle. Tumors of 
the urinary bladder were not found by Sticker in cats, sheep or 
swine. Kitt,® in his textbook on comparative general pathology, 
displayed an illustration of a carcinoma of the bladder of a cow. 
Fox^ did not record a case of neoplasm of the bladder in his ex- 
tensive observations of captive wild mammals and birds. 

In my observation of more than 400 tumors in animals, the only 
tumor of the urinary bladder is the one reported here. This tumor 
was one of a series of 159 bovine neoplasms, mostly from abattoir 
cases in which carcasses had been subjected to careful autopsy. 

* Received for publication October 19, 1929. 
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Summary 

A case of papillary adenoma of the urinary bladder of a cow is 
described. The tumor was associated with calculi, and a possible 
etiological relationship is suggested. From available data, it would 
seem that tumors of the urinary bladder of cattle are not common. 
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DESCRIPTION OF PLATE 
Plate 43 

Fig. I. An adenomatous portion of the tumor showing its tortuous structure. 
X 75- 

Fig. 2. Structural detail of the epithelial cells. A basement membrane is not 
apparent, x 350 - 
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feature. The surface of the growth was somewhat eroded and 
showed considerable leukocytic infiltration. 

The fact that the growth was of the nature of a polypus without 
evidence of invasion, together with the failure to demonstrate 
histologically aggressive, malignant tendencies, would seem suf- 
ficient evidence to warrant its classification as a papillary adenoma 
of the mucoid type. 


Comment 

This tumor is of interest because of the comparative rarity of 
neoplasms affecting the urinary bladder in the bovine species. Al- 
though tumors are by no means infrequent in this animal, the 
urinary bladder usually escapes involvement. The histogenesis of 
the epithelial cells constituting the parenchyma of this tumor is of 
some significance. Ewing ® remarked that in the hmnan being the 
mucoid type of adenoma of the urinary bladder perhaps has its 
ori^ from mucous glands in the epithelial lining of the organ. To 
determine whether similar glands are present in the urinary bladder 
of the ox, sections were prepared from several different areas of an 
apparently normal bladder, and in some sections of the body of the 
organ well developed mucous glands could be seen. They were not 
numerous, however, and in sections from some of the blocks none 
could be demonstrated. Apparently, the histological elements es- 
sential to a mucoid type of growth are available in the bladder of 
the ox. 

The presence of calculi in the urinary bladder at once suggests an 
etiological factor worthy of consideration. Ewing directed attention 
to the frequency of previous or coexistent cystitis in cases of carci- 
noma of the bladder of human beings, and the presence of calculi 
in this case makes it difficult to avoid the thought of a possible re- 
lationship between the tumor and the chronic irritation induced by 
the stones. In this connection it may be noted that Law ® observed 
two cases of carcinoma of the bladder in mares “complicated with 
multiple small calculi and gravel.” 
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the majority of hearts had a quantity sufficient to cover the prox- 
imal portions of the main branches. Towards the apex and the 
septum the fat diminished in quantity, extending along the ramifica- 
tions for a short distance. The ascending aorta, which in childhood 
and adolescence presented slowly increasing delicate streaks of fat 
running parallel to the aortic-pulmonary groove in front, and up- 
wards from the left coronary behind, in the adult had developed 
a fair amoimt of fat along these lines. Small collections of fat ex- 
tended laterally over the aorta from these. Middle life and old age 
served to increase all fat bodies abundantly. Frequently the larger 
coronary divisions became completely embedded. 

The fat pads were always most abundant on the anterior surface 
of the heart. Their extension along the circumflex branches was 
usually shorter and the amount was smaller. The posterior descend- 
ing vessels were scantily clad, except in the later decades. Hearts 
showing marked fat development over the conus arteriosus and the 
anastomosing vessels of the anterior descending branches often had 
little fat in the region of the crux behind, or along the posterior 
coronary branches. 

The right heart nearly always showed a preponderance of fat, 
sometimes this was quite marked. This increase was found most 
frequently about the right circumflex artery, its anterior descending 
branches and over the conus arteriosus. 

The amount of epicardial and periaortic fat bore no constant 
relation to the quantity of general body fat. Their extent was re- 
lated to age and to disease changes in the heart. Their thickness 
varied. In several obese patients and a few of the undernourished 
their thickness was increased, in others the reverse was found. 
Atrophic hearts nearly always possessed a thickened layer of fat 
regardless of other pathological change. 

The fat pads of the dog hearts differed from the human in that 
those of the ascending aorta were more definitely developed.^ As 
described by Davis they formed three distinct collections partially 
encircling the aorta beneath the pericardial reflection and closely 
associated with the periadventitial vessels. They were most promi- 
nent anteriorly. 

The epicardial fat of dog and human hearts was vascularized by 
innrimerable, smaU, frequently bifurcating branches of the vessels 
ramifying over the myocardimn from the main coronary divisions. 



THE VASCULARIZATION OF THE EPICARDIAL AND 
PERIAORTIC FAT PADS* 

H. F. Robertson, M.B. 

{From the Laboratories of Pathology, University of Toronto, Toronto, Canada) 

Only in recent years have the fat pads of the heart and ascending 
thoracic aorta been mentioned in the literature. In the human, 
Gross ^ demonstrated the increase of the arteriae telae adiposae 
with age, while Campbell ^ noted this increase with both age and 
cardiac disease. The former thought their development was not 
entirely secondary to functional need, and that they were an expres- 
sion of a general body nutritional reserve. He described a heart in 
which the fat pad vessels had prevented infarction in the region 
supplied by the almost completely occluded ramus circumflex 
dexter. The latter illustrated their function by a case of infarction 
in which an occluded coronary artery was so bridged by arteriae 
telae adiposae that infarction did not occur in the area involved. 
Davis ® described the periaortic fat bodies of the dog, and studied 
them in various other animals and the human. These masses in- 
creased in size with age, and in their development bore no relation 
to the amoimt of general body fat. Woodruff ^ found the fat pads of 
the dog very vascular and well developed. They were frequently 
present immediately over one of the discrete vasal openings in the 
ascending thoracic aorta. 

To further the above observations, the coronary and ascending 
aortic vessels of dog and human hearts were injected with various 
solutions. The vascularization of their fat bodies was then studied 
in the gross and microscopically by serial sections and preparations 
cleared in oil of wnntergreen. 

In the human, the fat pads were found accompanying the coro- 
nary vessels of all adult hearts. They were seen in the infant as 
small collections of fat covering the coronary vessels before they 
divided, or extending over the divisions for a short distance. In 
childhood and adolescence these collections of adipose tissue in- 
creased along the sulci occupied by the circumflex, marginal, and 
anterior descending divisions of the coronaries. In early adult life 

* Received for publication October 26, 1929. 
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mosis between the thoracic and the coronary vessels was established, 
best developed over the conus arteriosus. 

A variation was noted in the number of vessels in the fat pads. 
Those hearts with slight or moderate pathological change and 
abundant fat pads showed relatively fewer arteriae telae adiposae 
than hearts involved in fibrosis and coronary sclerosis. 

Two injected human hearts showing fibrosis and other lesions 
illustrated the above general observations on fat pad development 
and its vascularization. 

Case 1 . The first case (Autopsy 56-29) a male aged 72 years, 
died of recurrent erysipelas of one month’s duration. He had typhoid 
fever thirty years previously, but gave no sign of arteriosclerosis or 
of heart disease during life. The heart showed abundant fat pads, 
much more marked than usual over the ascending aorta, pulmonary 
artery and the conus arteriosus. There was marked sclerosis of 
both coronary arteries. The first inch of the left coronary was com- 
pletely calcified and its first branch was given off one inch from the 
sinus of Valsalva. The right coronary showed a small branch just 
at its mouth, but three small accessory and one large accessory coro- 
nary artery were present, through which a rich anastomosis was 
formed in the fat pads over the conus arteriosus with the left anterior 
descending coronary branches, and over the ascending aorta with 
the pericardial vessels and the vasa of the arch. The fat pad vessels 
and those of the ascending aortic limb were much increased in size. 

Case 2 . The second heart was from a male, aged 73 years 
(Autopsy 58-29). He claimed he had never been ill until eight 
months before death when he suffered shortness of breath, and for 
the last two months swelling of the feet and legs. Preceding death 
for several weeks there was increasing edema extending to the chest, 
and marked dyspnoea. The heart was much hypertrophied, the fat 
pads were increased over the pulmonary artery, the ascending aorta, 
the conus arteriosus and over the anterior surface of the heart. The 
left ventricle towards the apex showed a large thrombus over a very 
thin and ballooned fibrotic area of myocardial infarction. The left 
coronary was very sclerotic and almost occluded in its first portion, 
giving rise to only one small auricular vessel to the fat pads of this 
side. The second branch of the left coronary, nmning between the 
pulmonary artery and the aorta to the right side of the aortic wall, 
was very small. The right coronary branches were also very small 
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These branches spread beneath the epicardium and anastomosed 
with similar ones from the same vessel or from neighboring vessels. 
They also spread deeply toward and into the muscle, where they 
ended by ramifying and anastomosing with the muscular branches 
of the coronaries which penetrate the myocardium perpendicularly 
to the surface. A very freely anastomosing vascular network was 
thus formed between the neighboring coronary vessels. 

When the epicardial fat, extending along the branches of the right 
and left coronary divisions, met, as over the conus arteriosus in 
many human adults, there was a similar network and anastomosis 
between their vessels. 

The fat bodies of the ascending thoracic aorta were vascularized 
in the above fashion by the periadventitial vessels which they sur- 
rounded. In the human, these periadventitial vessels usually arose 
as right or left coronary branches. In adults, those descending from 
the pericardium, the arch of the aorta, or the bronchial arteries were 
occasionally covered by fat which they vascularized. In the dog, 
small vessels from the lumen of the ascending aorta joined the peri- 
adventitial network. A profuse anastomosis was thus present over 
the ascending limb even in young dogs, and the fat bodies were cor- 
respondingly increased in dimension. 

Human epicardial fat was scarce or microscopic in amount at 
birth and often abundant at old age. This increase and the degree 
of right and left coronary anastomoses had a definite correlation. 
Hearts well supplied with epicardial fat presented a dense network 
of vessels ramifying over the heart and sending branches into the 
myocardium. A widespread and rich anastomosis between various 
coronary vessels was then established. 

The development of the ascending aortic fat bodies was signi- 
ficant. With age the periadventitial vessels proliferated, enlarged 
and spread over the aortic waU, while the fat surrounding them also 
increased and grew along their course. Frequently the aorta was 
almost completely encircled by collections of fat which covered the 
ascending limb from the pericardial reflection to the heart. In such 
cases, periadventitial branches of the coronaries to the ascending 
aortic hmb, together with similar branches descending from the arch 
of the aorta, the pericardial and the bronchial arteries, along with 
the mnumerable fat pad vessels, formed a richly anastomosing bed 
of vessels over the aortic wall. Through this network a free anasto- 
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In eighteen autopsies on adult cases of obesity, the epicardial fat 
was increased only in four by an amount corresponding to that of 
the general body fat. Eight hearts showed a moderate increase in 
epicardial fat, while six showed no increase. But with the exception 
of one, these hearts were moderately or severely damaged by chronic 
inflammatory change. The increase of epicardial fat corresponded 
closely to the extent of myocardial and coronary injury. 

In a series of fifty-four adult cases where chronic interstitial 
myocarditis and other cardiac lesions were found at autopsy, three 
were obese. Fifty-one had only a moderate or a decreased amount 
of general body fat, as observed in the subcutaneous tissues, ab- 
dominal wall and omentum. Thirteen of these showed an abundant 
increase in epicardial fat; eleven a moderate increase. Twenty- 
three had the usual amount present in adults, four less epicardial 
fat than usually seen. Thus, in twenty-four of these hearts, epi- 
cardial fat was more abundant than in the average adult heart. In 
aU it was greatly increased over that found in childhood and ado- 
lescence. Thus, although the fat bodies increase roughly with age, 
their development depends upon the reaction of the myocardium to 
an unhealthy environment and to disease processes which are ini- 
tiated in youth and progress with years. 

In the two cases reported, coronary and myocardial damage had 
apparently been marked for many years. The increase in number 
and size of the periaortic and epicardial arteriae telae adiposae, and 
of the ascending aortic periadventitial vessels formed a widespread 
anastomotic network which supplied the myocardium. 

Summary 

1. The arteriae telae adiposae of heart and ascending aorta pro- 
liferate in response to disease, augmenting the myocardial blood 
supply or tending to compensate any deficiency in it. 

2. The periadventitial vessels of the ascending aorta, joining the 
coronary vessels with those of the thorax, may greatly assist in this 
compensation. 

3. The fat bodies develop about the proliferating vessels and 
their size depends primarily on the extent of vascularization present, 
secondarily on such factors as atrophic and sclerotic myocardial 
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and sclerosed, but several ran over the ascending aorta for a short 
distance. However, the vessels from the arch and the pericardium 
were markedly increased in size and number, and spread over the 
ascending aorta into the fat pads about the right coronary artery 
and over the conus arteriosus, to establish an anastomosis with 
branches of the left coronary divisions. 

Discussion 

The work of Gross, Campbell, and Davis, and that presented here, 
demonstrates that the fat pads increase with age and disease, and 
are not dependent in their growth on general body fat development. 
The fat pads are always best developed and appear first over the 
anterior aspect of the ascending aorta and heart where anastomoses 
are readily demonstrated and reach their greatest development. 
They increase and extend with the spread of the ascending aortic 
and coronary anastomoses. The dog with the peculiar vasculariza- 
tion of the ascending aorta possesses well defined aortic fat bodies. 
The fat pads always covered or surrounded the coronary or peri- 
adventitial vessels which gave them an abundant and widely 
anastomosing blood supply. 

The right heart usually shows a preponderance of the epicardial 
fat. This may depend on the relatively greater activity of the left 
heart over the right, on the predisposition of the right heart to 
atrophic changes and on the reaction of the myocardium to disease. 
The left heart, more prone to arteriosclerotic changes in its vessels, 
rehes to some extent on the right heart for the establishment of a 
compensatory blood supply. The anastomoses appear largely be- 
tween the right and left anterior descending branches and over the 
conus arteriosus, both being closely related to the thoracic anasto- 
moses over the ascending thoracic aorta. When the inflammatory 
response to infection has passed, the newly formed vascular bed, 
more abundant over the right heart, becomes surrounded by fat, 
replacing atrophied and sclerosed tissue. 

The variations in the amount of the fatty deposit in relation to the 
number of arteriae telae adiposae, and the increased deposit of fat 
in atrophic hearts, would indicate that the thickness of the fat pads 
depended to some extent on cardiac inflammation and on pecu- 
liarities in metabolism. 
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Plate 44 

Fig. I. Distribution of adult fat pads. 

Fig. 2. Distribution of arteriae telae adiposae and ascending aortic periad 
ventitial vessels. 
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changes, and individual peculiarities in local and general metabo- 
lism. 
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acquired the idea, little by little, of a submucous muscular mech- 
anism, then of a submucous musculonervous complex, present in all 
appendices. My brief description in 1924 and again in 1928 has at- 
tracted no attention. If I now return to the subject it is because 
this complex seems to me worthy of notice by its constancy and by 
its peculiarities, both in the normal and the pathological state. 

As we shall see, marked variations in the musculonervous com- 
plex are habitually accompanied by obvious changes, always of the 
same order, in the other appendicular constituents, always involving 
the submucosa, often the mucosa and sometimes the muscular coat. 
From this observation arose the idea that these changes are not un- 
connected with those of the mechanism itself and that their study 
is capable of throwing light on its significance. I shall not, there- 
fore, limit the description to the complex itself but, in connection 
with each example studied, I shall indicate the condition of the 
other appendicular structures. 

I. Appendices of the New-Boen 

Normal Type: (Figs, i and 3.) In the first place we must describe 
this complex in the surely normal appendix, that of the new-born 
or of the nursling. At this age the appendicular mucosa is habit- 
ually poor in lymph nodules and rich in crypts of Lieberkuhn. The 
muscularis mucosae forms an almost continuous layer beneath the 
tips of the crypts, interrupted only in the region of certain lymph 
nodules. 

The submucosa is thin and already fibrous. Study of the bundles 
of circular muscle surrounding it shows that from time to time cer- 
tain bundles change their course and pass obliquely into the fibrous 
cormective tissue in which they seem to lose themselves. In the sub- 
mucosa, centrally from these oblique muscle bundles, we find other, 
more slender bundles presenting at most eight to ten contractile 
fibers abreast, which seem to be isolated in the fibrous connective 
tissue. From the muscularis mucosae in the same sector, muscle 
bundles here and there detach themselves and bury themselves in 
the submucosa. Serial sections show that the muscle bundles of 
each group, the one issuing from the circular muscle, the other from 
the muscularis mucosae, converge and anastomose in the middle of 
the submucosa. Sometimes one or two muscle bundles cross this 
middle zone and join the two groups in one network. 
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CONTRIBUTION TO THE STUDY OF THE SYIilPATHETIC 
NERI^S OF THE APPENDIX. THE MUSCULONERVOUS 
COMPLEX OF THE SUBMUCOSA* 

P. Masson 

{From the Deparimcnl of Pathological Anatomy of the University of Montreal, 

Montreal, Canada) 

Describing the lesions following acute appendicitis, pathologists 
speak of cicatricial scleroses of the submucosa which invade the 
circular muscle and dissociate its bundles more or less. Their il- 
lustrations show the muscle bundles separated from one another 
and turned from their normal course so that some of them seem to 
lose themselves in the fibrous connective tissue of the submucosa; 
the boundary between the submucosa and the circular muscle is no 
longer so clearly^, marked as in the normal intestine. 

Beyond question, up to a certain point, postinflammatory scle- 
rosis explains this partial dislocation of the muscularis and the 
musculoconnective tissue interpenetration; but, if this were the only 
cause, we should be obliged to admit that all appendices without 
exception have been diseased, even those of nurslings and of the 
new-born, for all of them present in different degrees the same ill- 
defined boundary between the circular muscle and the submucosa. 
From this observation what conclusion can be drawn other than 
that this lack of precision of the boundary does not result exclusively 
from sclerosis, but that it corresponds at least in part to a normal 
structure? This was the point of departure of the present study. 

I first observed this condition in beginning my investigation of 
nerve proliferation in the appendicular mucosa and the origin of 
argentaffin cell tumors (carcinoids). While pursuing this work I 

* Received for publication February 12, 1930. 
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instances of chronic appendicitis, the lymph nodules are continuous 
or even heaped up in several layers, leaving space for only a small 
number of crypts beneath which no trace of a muscularis mucosae 
can be found. In these specimens a few bundles are seen to detach 
themselves from the circular muscle, but no contractile (smooth 
muscle) cell continues through the lymphoid tissue, encroaching on 
the submucosa. The internal half of the mechanism is wanting, as 
is the muscularis mucosae itself. 

In children and adolescents, after one or more appendicular 
crises, quite frequently there is seen a reversal of the conditions just 
described, consisting in rarefaction of the lymph nodules and scler- 
ous thickening of the submucosa. Often in this thickened sub- 
mucosa the muscular mechanisms are more prominent than in the 
normal state. These variations indicate already on the one hand an 
inverse proportion between the richness of the mucosa in lymph 
nodules and in the ntunber of the crypts; on the other hand a cer- 
tain correlation between the gland content of the mucosa and the 
development of the muscular mechanisms of the submucosa. These 
contacts and relations are much more obvious in the adult, as we 
shall see. 


m. Adult Appendices 

AH pathologists know how variable is the number of lymph 
nodules in the adult appendix. Study of a large number of specimens 
shows that on the average the number of these nodules is less than 
in children and that at times they are almost or completely absent. 
This lack of lymphoid nodules is habitually associated vdth former 
appendicular symptoms, acute crises or chronic appendicitis without 
acute inflammatory attacks, as if the spontaneous lymphoid involu- 
tion had been hastened by these inflammations. 

I. Appendices with Ntimerous Ly77iph Nodules, Normal Type: . 
(Fig. 4.) The aspect of the mucosa is similar to that observed in 
the adolescent. The muscular mechanism presents no notable 
change. It is always found in the sectors provided with crypts. 

In one specimen, exceptional it is true, I observed a mechanism 
more typical than usual (Fig. 2). Instead of showing along its 
whole length a plexiform structure, it was reduced to a perfectly 
straight and radial bundle visible in its entire length in one section, 
extending between the musciflaris mucosae and the circular muscle. 



MUSCULONERVOUS COMPLEX OF APPENDIX 


219 


I cannot say that this union is constant. The oblique course of 
the bundles makes it difficult to draw a conclusion. However, union 
is beyond question in certain instances where each group is conical 
in form. The base of one is continuous with the circular muscle, 
that of the other with the muscularis mucosae. Their apices are 
joined by one or two more or less oblique anastomotic bundles. In 
other specimens the ordinary location of the two groups in the same 
sector and the direction of their bundles toward each other indicates 
a certain correlation between them, even if they are not actually 
joined together. They form a whole which I propose to caU the 
muscular mechanism or complex of the submucosa. 

Each cross-section of an appendix shows elements belonging to 
several (two to four) of these mechanisms. We should note also 
these two points: (i) The arteries destined for the submucosa 
travel among the bundles emanating from the muscularis mucosae; 
and (2) Meissnerian nerves are always present between the bundles 
of a whole complex. As to their relations with the muscular mech- 
anism, the evidence is not so good as that which we shall be able to 
offer later on. 

II. Appendices of Children and Adolescents 

Normal Type: Appendices removed from children and adoles- 
cents are much richer in l5miph nodules, although their number and 
size vary greatly, not only from one specimen to another but also 
in different regions of the same specimen. Sometimes they are 
isolated, sometimes grouped in masses and more or less continuous 
at their borders. They may be small and lodged entirely in the 
mucosa, or they may encroach on the submucosa; and in this event, 
the most frequent, there is no muscularis mucosae beneath them. 

Crypts of Lieberkiihn are found only in the spaces between the 
* l3miph nodules at points where the nodules are not too closely ap- 
proximated. It is only at these points, remaining glandular, that 
the muscularis mucosae persists. It is in these sectors provided 
with a muscularis mucosae, and consequently vdth crypts of Lieber- 
kiihn, that we find the anastomotic muscular mechanisms with the 
features already described. The submucosa is two or three times 
thicker than at an earlier age. 

Pathological Types: In certain subjects in whom lymphatic tissue 
is developed to the utmost, such as status lymphaticus and certain 
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muscles and nerves of the submucosa. This may be the only lesion 
but it is often accompanied by a curious alteration in the nerve 
plexus of the mucosa, to which may be added hypertrophy of the 
muscle coat and even of Auerbach’s plexus. In this order, then, we 
shall study them: first the submucosa, followed by the mucosa and 
the muscularis. 


SUBMTJCOSA 

The thickness of the submucosa, always excessive, varies from 
0.25 to 0.5 cm. It is constantly fibrous, poor in fat cells but always 
of loose texture, especially in the middle. In this region there is 
often an imperfect cleavage into two concentric layers, the one fus- 
ing with the mucosa, the other with the circular muscle. 

The muscular mechanisms and Meissner’s plexus are prominent, 
obviously hypertrophied. The hypertrophy may affect only Meis- 
sner’s plexus; its nerves are broad, elongated and tortuous, the 
ganglia larger, more numerous and richer in cells than in the normal 
state while the muscular mechanism, moderately but distinctly en- 
larged, contains only a few bundles. In the neighborhood of the 
circular muscle these bundles are thick; toward the muscularis 
mucosae they are slender and plexiform, always mingled with 
Meissnerian nerve filaments. 

The Meissnerian hyperplasia, though present, may be masked 
more or less by hyperplasia of the muscular mechanisms, the con- 
tractile fibers striking the attention by their bright color (Fig. 8). 
The muscle bundles continuous with those of the circular muscle 
occupy the outer half of the submucosa. They ramify in different 
directions. Some of them converge toward the middle zone of the 
submucosa forming cones broader and better furnished with fibers 
than in the normal mechanisms; others run parallel with the axis of 
the appendix and seem to estabhsh longitudinal anastomoses between 
the hyperplastic mechanisms from one segment of the appendix to 
another. Whatever direction they take the bundles are cylindrical. 
In the neighborhood of the circular muscle their fibers run parallel 
with one another. As they bury themselves in the submucosa the 
fibers become oblique, wavy, and they arrange themselves in the 
interior of the bundle in fascicles anastomosing with one another so 
that each bimdle has a plexiform structure. 

The nerves, hyperplastic and studded with tiny ganglia, ramify 
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to which latter it was attaclied by two or three oblique bundles. 
A branch of IMeissner’s plexus wound around it like a climbing 
plant. An artery of the mucosa traversed the muscularis mucosae 
in the immediate vicinity of its insertion. 

2. Appendices ivilh Scanty Lymph Nodules, though Present in 
all Complete Cross-Sections. Passage from the Normal to the Patlio- 
logical type: Sometimes tire muscular mechanisms resemble those 
described above: they correspond to the normal type. Sometimes 
their bundles are obviously larger and more numerous. The mech- 
anisms themselves are not increased in number. Their general form 
remains the same but they are seen more readily because of the 
greater number of their constituent bundles. 

Along their whole length these mechanisms are mingled inti- 
mately Avith Meissnerian nerve filaments, distinctly larger and more 
numerous than in the normal state. These filaments, studded with 
tiny ganglia, form a plexus between the muscle bundles. 

3. Appendices with Very Scanty or Absent Lymph Nodules. Patho- 
logical Types: (Figs. 5, 6 and 7.) This extreme diminution of lymph 
nodules is seen especially in the adult, seldom in the adolescent. 
Such an appendix almost invariably has a clinical history; repeated 
crises or a syndrome of chronic appendicitis. Its external appear- 
ance varies greatly. The length and caliber may be normal. It may 
be short, 3 to 4 cm., and correspondingly broad, i to 2 cm., or the. 
tip may be swollen in the form of a pendulum. More rarely it is 
enlarged in all dimensions, 10 or even 15 cm. long, i to 2 cm. broad. 
Often it is buried in fibro-adipose peritoneum. 

On examining sections with the naked eye, after fiixation, the 
most striking features are the extreme narrowing of the lumen to 
such a degree that it seems to have been obliterated, and the thicken- 
ing, often enormous, of the appendicular wall. The thickening in- 
volves the submucosa especially, but also in addition in extreme 
examples, the muscularis. 

Appendices which combine these three fundamental features, 
narrowing of the lumen, extreme diminution or absence of the 
l3Tnph nodules and thickening of the submucosa, present also more 
or less complex changes in their histological constituents. At first 
sight their situation, nature and extent seem to be capricious. 
Study of a la^ge number of specimens has enabled me to establish a 
certain order among them. The most constant change affects the 
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With these musculonervous hyperplasias are constantly associated 
important changes in the arteries. In the outer zone of the sub- 
mucosa the lumina of the vessels are enlarged; their walls are thick- 
ened by hypertrophy of the muscle fibers as well as by interstitial 
sclerosis. Often there is notable thickening of the intima. The ad- 
ventitia presents a nerve plexus of large tortuous fibers. The 
branches of the arteries directed toward the mucosa, are more nu- 
merous than normal, tortuous, winding and mingled with muscle 
and nerve fibers. In short, all of the nervous and muscular elements 
of the submucosa undergo more or less hyperplasia, those of the 
arteries as weU as those which belong to the musculonervous com- 
plexes. 

Mucosa 

Except for its poverty in lymph nodules the mucosa of the 
appendix may present nothing abnormal (Fig. 8). The crypts of 
Lieberkiihn are numerous, straight and parallel as in the colon. 
Their tips may extend to the immediate vicinity of the muscularis 
mucosae. The mucosa does not contain an excessive number of 
nerves and the meshes of its stroma are filled with lymphocytes, 
plasma cells, and usually a few polymorphonuclear eosinophiles. 

However, it may present more or less pronounced hyperplasia 
and even neuromas of the subglandular portion of the intramucous 
plexus. In this event the nerves always contain argentaffin cells, 
the form and origin of which I have described elsewhere. The 
meshes of the subglandular stroma, formed in large part by the 
hypertrophied nerves, are reduced to narrow clefts filled with 
lymphocytes. These cells are less numerous as the nerve hyper- 
plasia is more pronounced. There results a relatively clear ap- 
pearance of the deep region of the mucosa, which I have emphasized 
in former writings as a probable sign of h3rperplasia of the sub- 
glandular plexus. Nerve lesions of this kind have no relation to the 
musculonervous hyperplasia of the submucosa. They may coexist, 
but the fact that the nerve lesions may be foimd without submucous 
hyperplasia shows that they do not depend upon it, in contrast to 
those which we are about to describe. 

Here too the mucosa presents a stroma clear and poor in lympho- 
cytes; but this appearance, instead of being restricted to the sub- 
glandular region and due to hypertrophy of its nerve fibers, extends 
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among the muscle bundles, often run along with them and give off 
brandies which encircle them or penetrate their interior to follow a 
course parallel to tlie fascicles. 

The inner half of the submucosa presents many muscle fibers, 
sometimes grouped in bundles intimately anastomosing, sometimes 
interlaced in a close-meshed plexus. Anastomosing with those of 
the muscularis mucosae tliese fibers may group themselves in plexi- 
form sheets that parallel the muscularis mucosae and reduplicate it 
externally. These fibers or tliese bundles converge toward the sum- 
mits of the muscle cones emanating from tlie circular muscle and 
anastomose nath them here and there. 

The interstices of this robust muscle plexus are occupied by a very 
rich and delicate nervous plexus containing many ganglion cells, and 
by arteries destined for the mucosa fFig. 15). The abundance of 
the nerves, and especially of the muscles, varies within wide limits. 
In certain specimens their mass may be estimated at one-half to two- 
thirds of the tissue present in the submucosa; that is to say, the total 
thickening of the submucosa is due in great part to their presence. 

Such is the aspect of the musculonervous complex in most ex- 
amples of l}miphoid atrophy of the mucosa. However, I shall now 
describe the curious structure presented in some of my specimens 
by those muscle bundles, whidi issuing from the circular musde as- 
sume a longitudinal direction (Figs. 16 and 17). These large bun- 
dles, round in cross-section and plexiform in structure, are not in 
direct contact udth the connective tissue of the submucosa but are 
separated from it by a continuous sheath of varying thickness 
formed by a plexus of non-medullated nerve fibers. The nerve fibers 
are voluminous and appear edematous. The nerves sheathe the 
bundles only in their longitudinal ramifications; when the bundles 
take another direction the nerve sheath resolves itself into ordinary 
filaments. The nerve fibers are pressed closely together, anasto- 
mosing in a plexus of meshes elongated in the direction of the 
muscle bundles which they surround. Here and there the sheaths 
present small sympathetic ganglia with large cells. From time to 
time they are seen to give off small branches which penetrate the 
bundles and disappear between the muscle cells. This peculiar 
structure, though rare, shows very well the remarkable union of 

muscle and nerve in the complexes which are the subject of this 
study. 



226 


MASSON 


tinuous with the reticulum of the adjacent mucosa. These neuromas 
never contain ganglion or argentaffin cells. 

(&) The second and, in my experience, the most frequent form is 
situated between the crypts, stretching out parallel to them in the 
upper three-fourths of the mucosa (Figs. 12, 13, and 14). Some of 
these tumors are swollen in pendulum form, the pedicle occupying 
the level of the tips of the crypts while the swollen portion often 
reaches the superficial epithelimn between two glandular orifices. 
These neuromas may be numerous, twenty-five to thirty per cross- 
section. Their structure is identical with that of the rounded neu- 
romas just described. Over their entire surface they are continuous 
with the nerve plexus in the mucosa. In certain specimens their 
pedicle is in direct continuity with nerves emanating from the 
hyperplastic plexus of Meissner. 

In short, whether diffuse or spherical, elongated or pendulum- 
shaped, these neuromas appear to be the result of localized hyper- 
plasia of the nerve plexus of the mucosa, a hyperplasia characterized 
by lengthening of the fibers and the formation of spheres. The 
fibers remain very slender and are enclosed in relatively thick 
hyaline coUagen sheaths. These neuromas are continuous with the 
hyperplastic plexus of Meissner of the submucosa. They never con- 
tain argentaffin or ganglion cells. Contrary to the argentaffin cell 
neuromas, which are situated exclusively between the muscularis 
mucosae and the tips of the crypts, they occupy the interglandular 
re^on of the mucosa and extend as far as the basal epithelium 
lining the lumen of the appendix.* 

Muscularis and Auerbach’s Plexus 

Other changes, inconstant but, when they exist, always in com- 
bination affect: (i) The muscular coats, especially the circular 
muscle. The bundles are large and formed of hypertrophied fibers 
similar to those of the gravid uterus (Fig. 8). This hypertrophy in- 
volves even the smooth muscle of the meso-appendix. (2) Auerbach’s 

* I should say here that all attempts at silver impregnation of these hyperplastic 
nerves, those of the mucosa as well as those of the musculonervous complexes, have been 
futile. Critics will doubtless say, as has already been charged concerning the argentaf- 
fin cell neuromas, that I have seen nothing but neurinomatous proliferation. I must 
reply that, while positive impregnation of neurites has great value, a negative result 
proves nothing either way, considering the inconstancy of the method, especially for 
the myenteric sympathetic of the appendix. 



iroSCULONERVOUS COMPLEX OF APPENDIX 


225 


through tlie entire thickness of the mucosa. In addition, the stroma 
seems to be edematous and the enlarged meshes of its reticulum 
contain abundant fluid poor in free cells. 

Often this edematous mucosa is thickened. The crypts are some- 
times straight, sometimes sinuous and broadened. In this event 
their epithelium, as well as that of the appendicular lumen, presents 
some anomalies, larger, taller and broader cells clearly hypertro- 
phied and hollowed by deeper calices than normal. Argentaffin 
cells are few (Figs, 12 and 14), 

In studying this edematous mucosa as colored with the trichrome 
stain, an extreme richness of nerves is often observ^ed. These nerves 
form a large part of the meshes of the reticulum but, in contrast to 
that which occurs in argentaffin cell nerve h}>perplasia they are re- 
markably slender, containing one, two or at most three neuroglia 
tubes abreast. In certain specimens the nerves form multiple 
neuromas, which we shall now consider. 

1. In the deeper half of the mucosa, there are diffuse neuromas 
which occupy large sectors. Their fibers are slender and closely ap- 
proximated, leaving no room between them for a lymphatic space. 
Their course is capricious. Often they run more or less parallel and 
form whorls. These neuromas surround the lower half or lower 
third of the crypts. Their borders are ill-defined and continuous 
with the more loosely-meshed plexus of the general mucosa. 

2. Circumscribed neuromas, always numerous and of small 
dimensions, which occupy the middle or the middle and upper 
region of the mucosa. 

(a) The first group iFigs. 9, 10 and ii), consists of small round 
masses which after staining with the anilin blue trichrome appear as 
small, round blue spots situated between the tips of contiguous 
crypts, never between them and the muscularis mucosae. Their 
diameter averages one and one-half times that of the crypt. Their 
nmnber may be enormous: I have counted forty in each cross-section 
of an appendix. They consist of a spherical mass of non-meduUated 
fibers pressed closely together and anastomosing, united to the rest of 
the plexus of the mucosa by many fibers escaping from its surface. 
Each fiber of the neuroma is enclosed in a relatively thick coUagen 
sheath, hyaline and fused together, giving the whole mass its blue 
tint with the trichrome stain. The coUagen sheath is permeated by 
a network of argyrophil fibers (Laidlaw’s technique), which are con- 
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carried to the extreme. At my request, Professor Obemdorfer had 
the kindness to send me some of his preparations. I recognized all 
of the features which he has described and illustrated so perfectly 
and my impression is that his giant appendix fits into the category 
of lesions described in this paper : thickening of the mucosa, lengthen- 
ing of the ctypts with hypertrophy of the cells, enormous diffuse 
intramucous neuroma, submucosa thickened and containing a 
gigantic nerve plexus and many muscle bundles, hypertrophy of 
Auerbach’s plexus and thickening of the muscle coat. 

At first sight, some details seem to differ from those that I have 
observed. Thus, m his Figures 37 and 38, Obemdorfer (1929) rep- 
resents the “nerve” bundles surrrounded by ganglion cells. I 
question if these bxmdles are really nervous and not muscular, en- 
closed in a nerve sheath like those in my illustrations. I also ques- 
tion if the “s3mcytiale Bander” of his Figure 39 do not relate to 
muscle rather than to nerve elements or, more exactly, neurino- 
matous elemants. Obemdorfer’s stains, (hematoxylin and eosin, 
and iron hematoxylin) do not permit a definite answer to these 
questions. 

Finally, Obemdorfer notes thickening of the nerves of the meso- 
appendix. I have observed nothing of this in my specimens, but 
none of them offers such extraordinary nerve hyperplasia as that 
of Obemdorfer. Is it not plausible that when pushed to the extreme 
the nerve hyperplasia may extend beyond the parietal plexus of the 
appendix and include the nerves of the meso-appendix itself? 

In view of the participation of its various constituents in the en- 
largement of the appendix. Pick concludes that gigantism is “co- 
ordinated with” a fault in embryonic development, an excessive and 
tumoral growth of the Ipcal nervous system. For him, as for Obern- 
dorfer, it is a congenital malformation. This view may be valid hi 
certain instances. In my opinion it cannot be apphed wholly to 
those which form the subject of this paper nor, perhaps, to Obern- 
dorfer’s specimen. While the influence of an excessive development 
of the sympathetic nerves on the growth of the other constituents 
of the appendix appears to me to be plausible enough, there is noth- 
ing m the instances cited in this paper to prove that the excessive 
growth has an embryonic origin. Its constant occurrence after 
frank crises, its primary situation in Meissner’s plexus of the sub- 
mucosa, its extension to a mucosa impoverished in lymph nodules 
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plexus itself. The nerves are more voluminous and the ganglion 
cells are two or three times larger than normal: the filaments ramify- 
ing among the muscle bundles are prominent and studded with 
numerous ganglia. 

When an appendix presents all of these hypertrophies and hyper- 
plasias at once, muscular, ner^’-ous, vascular and even epithelial, its 
dimensions may become considerable; its length may attain 12 to 
15 cm. and its external diameter 3 cm. Most frequently the length 
remains normal and the diameter only is increased. 

In sections stained by ordinary methods, the most striking fea- 
tures are tlie size and abundance of the nerves and ganglion cells. 
In the submucosa tlie abundant elongated nuclei may be mistaken 
for nuclei of Remak, whereas a portion of them, usually the larger 
portion, belongs in reality to the muscle fibers, as shown by the 
trichrome stain. 


Discussion 

The lesions just described are of frequent occurrence. Not a 
week passes that my collection is not enriched with two or three 
specimens of musculonervous hyperplasia of the appendicular sub- 
mucosa. Only the extreme examples with intramucous neuromas, 
hypertrophy of Auerbach’s plexus and of the muscle coats and 
gigantism are relatively rare. Study of a large number of specimens 
shows that these giant appendices do not form an isolated group 
but that they are connected mth the normal appendix by an infinite 
number of intermediate t}qjes. That these latter have not been 
described hitherto is doubtless due to the universal employment of 
techniques (hematoxylin and eosin, and Van Gieson), which do not 
reveal the muscles and nerves of the mucosa ^vith sufficient clearness 
to strike the attention. 

The literature contains a few observations, some of which should 
be revised in the light of the facts related here. Various authors 
have described ganglioneuromas, neurofibromatosis, Rankenneuro- 
mas, ganglioneuromas with or without gigantism of a given portion 
of the intestine. The site of the lesions is sometimes the small in- 
testine (Pick, Baltisberger), sometimes the appendix (Heine, 
Oberndoffer, Schmincke, Schultz). The descriptions of these last 
four authors, especially that of Oberndorfer, suggest the thought 
that their specimens might represent musculonervous hyperplasia 
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the intestinal epithelium, just as the existence of nerves is bound up 
with the presence of the ganglion cells on which they depend. If, 
then, the hypothesis of the neuron is applicable to these neuromas 
it is certain that we must seek their trophic centers in the argentaffin 
cells and not elsewhere. 

These observations have led me to the idea of a nervous system 
peculiar to the intestinal mucosa, of entodermic origin, a neurento- 
derm, characterized by the presence of ganghonic, neuroglial and 
secretory cells provided with silver-reducing granules, the neurites 
of which, indistinguishable by Cajal’s methods, mingle with those 
of the sympathetic and form the plexus of the mucosa. This plexus 
then would contain two kinds of fibers, the one, centripetal, belong- 
ing to the neurentoderm, the other, centrifugal, starting from the 
sympathetic ganglia and arriving at the intestinal surface. Because 
of the organogenic analogies of this hypothetical system with the 
argentaffin cells and the placodic neuro-epithelimn of the olfactory 
mucosa, I have thought that its function might be sensory rather 
than motor. 

However, the conditions described in this paper have a totally 
different aspect. Meissner’s plexus undergoes hyperplasia, either of 
its fibers only or of its ganglion cells alsq. There is a corresponding 
hyperplasia of the muscular mechanisms and of the arteries of the 
submucosa. At a further stage the hyperplasia involves certain 
nerve filaments of the mucosa, the centrifugal fibers just pictured 
which remain slender, lengthen and form superficial neuromas 
without argentaffin cells. At a still more advanced stage the muscle 
coat and Auerbach’s plexus hypertrophy in their turn. These ap- 
pendices have no tendency whatever to obliteration. If it occurs 
it is not the result of regression of the epithelium but of inflam- 
matory ulceration. It is obvious that the site of these hyperplasias 
is a motor nervous system and the muscles which depend on it, 
above all the Meissnerian level of the intestinal sympathetic nervous 
system and the muscular mechanisms of the submucosa. 

The neuro-argentaffin hyperplasias on the one hand and the 
S3mipathicomuscular hyperplasias on the other may exist in a pure 
state, which demonstrates their reciprocal independence and the 
independence of the two systems of nerves from which they arise. 
They are not incompatible. They may coexist in the same ap- 
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and enriched in crypts, then to the muscular coat and, finally, its 
frequency, seem rather to make of it an acquired lesion. This exces- 
sive growth is probably the result of appendicular inflammations, 
associated on the one hand mth nerve regeneration following ulcera- 
tion and on the other hand with a new growth of the mucous plexus 
more or less perfectly adapted to the new crypts that have replaced 
the involuted lymph nodules. 

Other studies on the appendix have enabled me to verify the 
e.xistence of nerve h3q)erplasias different from those described here, 
situated in the subglandular portion of the mucous plexus and there 
only. They are preceded by the migration of cells from the intes- 
tinal epithelium into the nerves. After penetrating the nerves these 
cells become loaded vdth silver-reducing granules and differentiate 
in various ways, some taking the form of ganglion cells, others of 
cells of Remak, while still others, cylindrical or spherical, elaborate 
fats which they eliminate directly into the nerves. Subsequently 
these nerves grow, lengthen and broaden to the point of forming 
neuromas; they are always situated beneath the tips of the crypts 
and are capable of pushing the muscularis mucosae into the sub- 
mucosa (Fig. 18). 

The epithelial covering of the mucosa often disappears and the 
lumen of the appendix becomes obliterated. The neuromas survive 
and even increase in obliterated appendices; they disappear if their 
argentaffin cells disappear. Their origin and their persistence are 
thus bound to the presence of these cells just as the existence of 
nerves of any kind is bound up with the presence of cells. 

The impossibility of demonstrating neurites in these “neuromas” 
by the usual methods of silver impregnation has been urged as an 
objection to my views, and most writers have concluded that these 
growths are really neurinomas. In accepting this latter view we 
should be obliged to admit that the greater part of the nerves of the 
normal appendicular mucosa do not contain neurites either, because 
silver impregnations are negative for them also. Is this not placing 
too great reliance on the most capricious, the least rehable of 
techniques? 

From another viewpoint the proliferation of Schwann cells in 
authentic neurinomas exhibits remarkable autonomy, but, in the 
argentaffin cell neuromas, proliferation and persistence of the nerve 
filaments is controlled by the presence of the cells emigrated from 
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nodules, scarcity of lymphocytes in the stroma, and diffuse hyper- 
plasia of its nerve plexus, to which may be added more locahzed 
hyperplasias in the form of iU-defined neuromas or circumscribed 
neuromas situated in the middle or upper part of the mucosa. In 
extreme examples there is in addition hypertrophy or hyperplasia of 
the muscle coat and of Auerbach’s plexus. 

To sum up, there is hyperplasia and hypertrophy either of the 
sympathetic nerves or of the appendicular muscles, or of both, in 
other words, of the motor apparatus of the appendix, together with 
atrophy of the lymphoid tissue. This series of lesions seems to begin 
by the formation of these musculonervous complexes. 

I am again indebted to my friend, Dr. George F. Laidlaw, for his 
kindness in translating this paper. 
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pendix, either in different regions or associated in the same sector, 
each preserving its own characteristics (Fig. 19). 

Why not, then, admit the existence in the appendix of two groups 
of nerves, associated, mingled, indistinguishable in the normal state 
but recognizable under pathological conditions by their isolated or 
combined hyperplasias? The one is the argentaffin group, the other 
the myenteric group. Have these two groups distinct origins, as I 
am inclined to believe, or are they both of sympathetic origin, as 
stated by most neurologists? New researches will doubtless answer 
this question. 

The significance of the musculonervous complex remains for me 
quite obscure. It is not easy to understand what mechanical role 
could be played by these contractile bundles buried in the sub- 
mucosa. Nor is it easy to picture the organogenic processes of 
which they might be vestiges. They belong exclusively to the ap- 
pendix. Does not their close association with motor nerves permit 
us to compare them with the neuromuscular nodes described by 
Keith in the muscularis of the colon, so little studied since, which 
play a part in intestinal motility? Still another problem. 

Summary 

The submucosa of the normal appendix contains muscle bundles, 
continuous on the one hand with those of the circular muscle and on 
the other hand with those of the muscularis mucosae. These two 
muscle groups often anastomose in the middle zone of the sub- 
mucosa. They are in intimate relation with certain parts of Meis- 
sner’s plexus. Muscle and nerve together form a complex which we 
may term the musculonervous complex of ttie appendicular sub- 
mucosa. 

Under influences that we cannot yet define, but coimected no 
doubt with inflammatory crises, the muscle bundles and the nerves 
become more numerous, acquire more and more intimate relations, 
and by their accumulation contribute to the thickening of the sub- 
mucosa. At the same time the arteries enlarge, their muscle coat 
hypertrophies and the arterial nerves become more prominent. 

The mucosa presents certain changes which in the order of fre- 
quency are: decrease in number or complete absence of lymph 
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PUVTE 45 

Fig. I. Appendix removed from an infant of 4 months during an operation for 
congenital hernia. General view of a sector of the wall. Cross-section. 
{m) mucosa; {mm) muscularis mucosae perforated in the center by an 
arteriole destined for the mucosa and interrupted at the edge of the photo- 
graph by a primitive follicle; {sm) submucosa; (c) circular muscle; (/) 
longitudinal muscle; {p) peritoneum. 

Note the muscle bundles (gray) anastomosing with those of the circular 
muscle, which invade the submucosa where they form a plexus continuous 
with slender muscle bimdles emanating from the muscularis mucosae (cut- 
nearly transversely) near the point of penetration of the artery. In the 
photograph the bundles appear as small gray circles near the broad lymph 
capillaries. This group of bundles forms a muscle complex. With the 
magnification employed, the nerves of Meissner’s plexus ramifying in their 
meshes are not visible. This appendix is represented in Fig. 3 in its entirety. 
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. 2. Normal appendix from a patient 20 years of age. Above, the deep 
region of the mucosa rich in lymphoid tissue and bordered by the muscu- 
laris mucosae. Below, the circular muscle. Between the two, the sub- 
mucosa traversed by a muscle bundle which unites the circular muscle and 
the muscularis mucosae. A ]\Ieissnerian nerve (black) accompanies it and 
winds around it. In this section it is visible only in the external portion of 
its course, but in serial sections it may be followed as far as the neighbor- 
hood of the muscularis mucosae where it ceases to be impregnated by the 
silver. 

This musculonervous complex is tj^jical in its simplicity but infrequent, 
A complete section of this appendix is represented in Fig. 4. 
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All the appendices represented in this Plate have been photographed with the 
same magnification in order to show the differences between normal appendices 
and those affected by hyperplasia of the musculonervous complex of the sub- 
mucosa. 

Fig. 3. Infant of 4 months (see Fig. i). Broad lumen, mucosa rich in crypts 
and poor in lymphoid follicles, submucosa thin, muscle coat thin. 

Fig. 4. Male, 20 years of age (see Fig. 2). Lumen relatively narrow, mucosa 
rich in lymphoid tissue, submucosa thicker, muscle coat scarcel}" thicker 
than in the infant. 

Figs. 5, 6 and 7. Different degrees of hyperplasia of the musculonervous com- 
plex of the submucosa. Lumen narrow, mucosa rich in crjTits, poor in fol- 
licles (6) or deprived of follicles (5 and 7). Muscularis mucosae continuous 
and thickened. Enormous thickening of the submucosa which splits in- 
completely into two concentric layers. Thickening of the muscle coat. 
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Fig. 8. Appendix of Fig. 6 enlarged. (Obs. 126 M.) Trichrome. 

]\'Iuco.sa rich in crj'^pts, the stroma clear, edematous, poor in lympho- 
cytes. There are no intramucous neuromas in this specimen. Muscu- 
laris mucosae thickened. Submucosa enormous, crowded with muscle 
bundles in the interstices of which the connective tissue (black) is scanty. 
In the middle zone of this submucosa may be seen arterioles with hypertro- 
phied walls. 

Circular muscle greatly hypertrophied. No interstitial sclerosis. Its 
limits on the side of the submucosa are indistinct on account of the many 
muscle bundles that escape to form the hyperplastic muscle complex of the 
submucosa. Longitudinal muscle coat scarceb' thickened. Peritoneum 
thin. 
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Fig. 9. (Obs. 142 M.) Trichrome. 

General view of a mucosa containing many spherical neuromas. Thirty 
may be counted in the figure. One of them is represented at a higher 
magnification in the corner of the figure. 



8 


Masson 


Musculonervous Complex of Appendix 










Plate 50 


Figs. 10 and ii. (Obs. 142 jM.) Laidlaw’s silver technique. 

The reticulin which surrounds the nerve fibers is continuous with that of 
the stroma of the mucosa: it leaves the fibers colorless while outlining the 
contours clearl}'. 
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Fig. 12. Same case as that of the general view, Fig. 7. (Obs. 68 M.) Tri- 
chrome. 

Intramucous neuromas in pendulum form. ^Mucosa thickened, edemat- 
ous. Cr3^pts large and tortuous. Between them are two elongated neuromas 
connected their bases with a diffuse neuroma which dissociates the 
muscularis mucosae and continues as a ver}”^ broad Meissnerian nerve. The 
submucosa is traversed b}”^ innumerable nerve filaments invisible with this 
magnification. 

Fig. 13. (Obs. 68 M.) Laidlaw’s silver technique. 

Two neuromas in pendulum form, their summits reaching the basal 
epithelium of the appendix. Here again onlj’^ the contours of the nerv'e 
fibers are outlined b}’’ the reticulin which is continuous with that of the 
stroma. 
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Fig. 14. (Obs. 68 ]\I.) Trichrome. 

Section of the mucosa near the surface and almost parallel to it. Note 
the considerable h>Tiertrophy of the epithelial cells. Between them is a 
neuroma cut through the swollen portion. Note its irregular form, its com- 
pact texture, the thickness of the collagen sheath around each nerve fiber, 
the relative pallor of the nuclei of Remak and the continuity of these 
fibers with those which form an important part of the reticulated frame- 
work of the adjoining stroma. 

Fig. 15. (Obs. 126 j\I.) Trichrome. 

Ffyperplasia of the musculonervous complex of the submucosa. Sub- 
mucosa in the neighborhood of the muscularis mucosae. Confused inter- 
weaving of non-medullated nerve fibers recognizable by their spong>' as- 
pect, and muscle fibers oriented in ever}' direction and sketching here and 
there small bundles. Fine nerve fibers are seen in the interstices between 
the muscle cells. A ganglion cell. 
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Fig. i6. (Obs. 126 M.) Trichrome. 

Submucosa in the vicinity of the circular muscle. A muscle bundle in a 
longitudinal direction in the neighborhood of a bifurcation. This bundle is 
surrounded by a continuous nerve sheath of longitudinal fibers. A large 
ganglion cell in the nerve sheath. 

Fig. 17. (Obs. 126 M.) Trichrome. 

The same musculoner\'ous bundle after its bifurcation. Each branch 
has its own nerve sheath. A small sj^pathetic ganglion in the nerve 
sheath. 
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Fig. 18. (Obs. iiS M.) Trichrome. 

Intramucous argentaffin cell neuroma forming a clear mass between the 
tips of the crypts and the muscularis mucosae which is crowded into the 
submucosa. 
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. 19. (Obs. 126 ]\I.) Trichrome. 

Association in the same region of the mucosa of a small, argentaffin 
cell neuroma (above), developed between the tips of the crj’pts and the 
bulging muscularis mucosae, and a pendulum-shaped neuroma connected 
with hyperplasia of the musculonervous comple.v of the submucosa (be- 
low). 
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As regards her present illness, the classical acute symptoms of gall bladder 
disease started four days before admission with colicky pains starting in the 
epigastrium, radiating along the right costal margin to the middle of the back, 
then to the right shoulder and arm, occasionally to the right thigh. This lasted 
one to three hours, leaving a residual skin tenderness in the right upper quadrant 
of the abdomen. Her urine became dark brown and the stools clay-colored. 
The jaundice had been present for the past six months. This attack was ac- 
companied by chills and fever. The patient complained mostly of the vomiting, 
which was usually preceded by pain in the nape of the neck. This vomiting was 
food qualitative — strawberries, meats and tea. Fat, however, was tolerated 
well. No blood was seen in the vomitus which was occasionally green. 

Physical examination showed a thin, under-nourished, slightly jaundiced 
female rambling from one point to another in givmg her history, which was 
occasionally interrupted by threatened vomiting attacks. Clavicles were prom- 
inent. The expiratory phase at the apices was prolonged. Inspiratory rales 
were present posteriorly at the angles of the scapulae. Apices showed increased 
tactile fremitus posteriorly. Tenderness and spasm were found in the right up- 
per quadrant of the abdomen. The knee jerks were equal. No clonus, BabinsH, 
Kernig or Romberg signs. 

Roentgen examination showed no gall stones. The duodenal cap was normal. 
The barium passed out of the stomach rapidly, massively filling the duodenum. 
Reverse peristalsis was noted in the duodenum. There was a slight six-hour 
gastric retention, most of the barium being in the terminal ileum, the ascending 
and first portions of the transverse colon. 

The preoperative urinalysis was negative for sugar, albumin, acetone and 
diacetic acid. Kahn and Wassermann tests on the spinal fluid were negative. 

Twenty-four hours after operation the patient suddenly developed an acute 
respiratory paralysis. She responded to artificial respiration but stopped 
breathing' again after a few minutes. Further artificial respirations for at least 
two hours were of no avail. 

Autopsy performed one hour after death gave the following unex- 
pected findings; Multiple small angiomas of the cerebral cortex, 
multiple dural meningiomas, a pressure cone of the cerebellum and 
medulla, terminal bronchopneumonia, bilateral healed apical tuber- 
culosis of the lungs, caseous tuberculosis of the right pulmonary 
lymph nodes, emphysema of the lungs, chronic adhesive pleuritis on 
the right side, atheroma of the aorta, mild nephrosclerosis, and a 
recent laparotomy wound for cholecystectomy. 

Gross Findings in the Brain 

The dura was stretched tense over the brain. The spinal fluid 
was clear. Through the external surface of the dura over the right 
frontal, parietal and temporal regions many opacities of various 
sizes could be seen, which later were found to be due to the pres^ce 
of multiple meningiomas adherent to the inner dural surface. 1 e 
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Introduction 

WTien one considers that multiple intracranial angiomas are very- 
rare, the case reported here is most unique in that it -was associated 
with the equally rare multiple intracranial meningiomas. Lindau ^ 
and more recently Dandy,- have made detailed studies of the venous 
abnormalities and angiomas of the brain, with excellent reviews of 
the literature on the subject. The general consensus is that these 
tumors are the result of a congenital anomaly of the vasciilar system 
of the brain. 


Report of Case 

Clinical History: M. H., white, female, married, 34 years of age, was ad- 
mitted to the service of Dr. John A. Sampson, Albany Hospital, for cholecyst- 
ectomy and freeing of numerous dense adliesions around the gall bladder. 

As regards her past history the patient had had the usual diseases of child- 
hood, appendectomy in 1914, pneumonia, and dilatation and curettage in 1919. 
She was pregnant three times, the last two being miscarriages W'hich w'ere fol- 
lowed by severe hemorrhages. Four years ago the patient had the usual picture 
of gall bladder disease with jaimdice and clay-colored stools but refused opera- 
tion. At that time she also complained of nocturnal (two or three times), and 
diurnal frequency of urination of moderate amounts accompanied by burning. 
Her urine, however, was negative. Blood sugar was 97 mg. per 100 cc., and 
basal metabolism minus 10 per cent. Other complaints were shortness of 
breath on exertion, palpitation of the heart and swelling of the ankles. Physical 
examination of the cardiovascular system at that time did not reveal anything 
remarkable. She had no cough, expectoration, night sweats or chest pains, but 
she gave a history of having had pulmonary tuberculosis several j^ears before. 

The patient had had no domestic difficulties, fits of anger or hysterical spells, 
but she had been having occasional dizzy spells and a feeling of pressure in the 
head. For the past three years she had been suffering from periods of depres- 
sion lasting one to two days. During these periods she would cry a great deal. 
Because of these depressive states she was advised to enter the Poughkeepsie 
State Institution for obsers'^ation but she refused to sign voluntary papers of 
commitment. 

* Received for publication December 26, 1929. 
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In the various sections of the cerebral cortex all the cortical ves- 
sels stand out prominently, due to a marked hyaline and fibrotic 
thickening of the capillary wall (Fig. 4), and to the widely distended 
perivascular Virchow-Robin spaces. The nearer one gets to the 
angiomatous tumor areas the more prominent and the more numer- 
ous these vessels become. Numerous capillary angiomas of micro- 
scopic size are found scattered throughout the cortex of the frontal 
lobe. The smaller tumor areas consist of a complicated, branching, 
anastomosing network of capillary vessels, so strikingly shown in 
frozen sections stained by Penfield’s method (Fig. 5). Very little 
collagen and no elastic fibrils are demonstrable in the younger 
angiomatous areas as shown by the Van Gieson, Weigert and Ver- 
hoeff stains. The older tumor nodules consist of closely packed 
hyaline masses in the center of each of which is a capillary lumen, 
either empty or containing red blood cells. Collagen is abundant 
and coarse elastic fibrils are demonstrable here and there in some of 
these older tumors. Reticulinn is present only in the wall of the 
finer capillaries; none is found where there is increased collagen 
deposition. 

In the white matter, just outside the distended perivascular 
spaces, there is a dense accumulation of numerous hyaline, spherical 
“amyloid” bodies. In those sections taken from the various parts 
of the brain, microglia and oligodendroglia are not increased in size 
or number. 


Discussion 

Compared with the other intracranial newgrowths, angiomas are 
not frequently observed. No mention of an angioma is made among 
258 verified intracranial tumors by Tooth,^ among42 verified tiunors 
by Heuer and Dandy,® 40 verified tumors by Greenfield,^ or among 
1 17 verified tumors by Purves-Stewart.® Cushing ® found 8 or 0.9 
per cent angiomas among 868 verified intracranial tumors. In a 
review of 100 verified intracranial growths, Dowman and Smith 
found one angioma or i per cent. However, as mentioned previ- 
ously, Lindau and Dandy have collected many isolated cases of 
angioma from the literature. 

Autopsy revealed in the same patient here reported, multiple 
intracranial an^omas and multiple meningiomas. Unfortunately 
the spinal cord and meninges were not examined to find out if simi- 
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brain with dura weighed 1255 gm. Without further examination the 
brain and dura were suspended in 10 per cent neutral formalin. On 
frontal sectioning of the brain another large meningioma 4 by 3.5 
by 4 cm. was found protruding into the right lateral ventricle. A 
detailed study of these multiple meningiomas will be reported in 
another paper. 

Wlien tlie dura mater was removed from the brain, after JSxation, 
these meningioma nodules produced corresponding depression in the 
brain substance. The convolutions were markedly flattened and the 
sulci shallowed. The brain stem and the cerebellum showed a 
marked pressure cone. 

The angiomatous nodules all occurred in the right frontal lobe, 
the smaller ones in the gray matter and the larger extending into the 
white substance. Located in the medial frontal gyrus 2.5 cm. from 
the medial fissure, there was a firm, circumscribed angioma 8 by 8 
by 5 mm. Nearby, 5 mm. away were two other minute angiomas 
each about 1 mm. in diameter, lying wholly in the gray matter. In 
the marginal gyrus 3 cm. from the anterior frontal pole there were 
two more, measuring 7 by 10 by 4 mm., and 6 by 7 by 2 mm. re- 
spectively. In the same frontal section i cm. laterad from the me- 
dian fissure, there were two otliers 5 by 7 by 2 mm., and 3 by 3 by 2 
mm. in the cortex of the superior frontal gyrus. Further back in the 
marginal g}’’rus, 6 cm. from the anterior frontal pole and 5 mm. from 
the median fissure, there was still another angiomatous nodule 8 by 
8 by 7 mm. The last figure in all the above dimensions represents 
the depth to which these tumor masses had penetrated the brain 
substance. These nodules produced on the external surface of the 
brain at the most only a very slight plateau-like elevation (Figs, i, 
2 and 3). 


Microscopic Examination 

Sections from the various parts of the brain were stained with 
hematoxylin and eosin. Van Gieson’s picric-acid fuchsin, Mallory’s 
phosphotungstic acid hematoxylin, Weigert’s resorcin fuchsin, 
Verhoeff’s elastic tissue stain. Foot and Menard’s method for re- 
ticulum,^ and Penfield’s combined method for oligodendroglia and 
microglia.^ 
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lar tumors were present there also. WoMwilP^ and Schuback^^ 
separately reported the same case wherein a sohtary angioma of the 
roof of the fourth ventricle was associated with an angiomatous 
tumor of the dorsal spinal cord. In the cases of Ohlmacher and 
Tannenberg/** in addition to the multiple cranial angiomas, similar 
tumors were found in the spinal cord. Ohlmacher’s case is of further 
interest in that the two cranial angiomas were also associated with a 
sohtary cranial meningioma. Sands reported a case of an angioma 
and a meningioma in one frontal lobe. 

As seen in Table I, we have been able to find in the hterature 
thirteen cases of multiple cranial angiomas. We consider Dandy’s 
two cases (Nos. 6 and 7, reported by him as multiple angiomas) and 
Jaffe’s case as multiple telangiectases from their description and 
illustrations. Kalischer 2® described a case of multiple telangiectases 
of the left cerebral hemisphere, associated vdth a congenital telangi- 
ectasis of the left side of the face. Sachs stresses this association 
and has found in the literature that the term angioma racemosum 
arteriale or venosum, had been apphed to conditions which were not 
actually newgrowths. He suggested the name of intracranial telangi- 
ectasis for this condition. In our collected cases of multiple angiomata 
there were eight males to five females, with no sex mentioned in one 
case. The ages ranged from 14 to 81 years. No definite conclusions as 
regards the sex and age incidence can be drawn from such a small 
series. The multiphcity of these tumors varied from two to numer- 
ous. There appeared to be no site of predilection. Out of these four- 
teen collected cases, 8 or 57 per cent were associated with congenital 
anomahes or other types of newgrowths — multiple nevi of the 
skin, von Hippel’s angioma of the retina, cavernomas of the liver, 
spleen and kidney, multiple cysts of the pancreas and kidney, one or 
more hypernephromas, one or more meningiomas, spinal osteoma, 
S5Tingomyeha and hydrocephalus. Lindau has found that 20 per 
cent of the cases of von Hippel’s disease have also an intracranial 
angioma. In my paper on multiple meningiomas 45 per cent of 
the collected cases were associated with tumors of the acoustic 
nerve or generalized neurofibromatosis. This multiplicity in num- 
ber and types of anomalies or newgrowths strongly suggests a con- 
genital or dysontogenetic disturbance of the mesodermal germ layer. 

Microscopically, most of these tumors have been cavernomas. A 
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few were of the capillary type. In others, the main tumor mass con- 
sisted of a cyst without epithelial lining, in the wall of which there 
was an angiomatous nodule. 


Summary 

1. A case of multiple intracranial an^omas associated with 
multiple intracranial meningiomas all on tlie right side, is reported 
with autopsy findings. 

2. The patient presented no sjonptoms or signs of definite cerebral 
localization. 

3. The literature on the subject is briefly reviewed. 

Note: My thanks are due Dr. John A. Sampson for his land 
permission to use the clinical history of this case, and Dr. Victor C. 
Jacobsen for his help and advice during the preparation of this 
paper. 
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DESCRIPTION OF PLATES 


Plate 56 

Fig. I. Frontal section of the frontal lobe of the brain, looking from behind. 
Arrow points to a small angioma. The deep depression on the lateral sur- 
face is due to the presence of a meningioma on the corresponding inner 
surface of the dura. 

Fig. 2. Two pieces from the mesial aspect and from the anterior pole of the 
right frontal lobe. The arrows point to four angiomas. 

Fig. 3. Photomicrograph, Van Gieson stain. The large angioma produces very 
little elevation of the brain surface. Two other minute angiomas are 
present in the cortex (arrows), x 6,4. 
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Plate 57 


Fig. 4. Photomicrograph, Penfield stain of a frozen section taken from the 
near vicinity of an angioma. Note the presence of numerous capillaries, 
their thickened walls and the highly branching forms, x 140. 

Fig. 5. Photomicrograph, Penfield stain of a frozen section taken from the edge 
of an angioma to show the capillary nature of the tumor in the brain 
cortex. X 120. 
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medulla, terminal bronchopneumonia, healed pulmonary tubercu- 
losis of both apices, caseous tuberculosis of the right pulmonary 
lymph nodes, emphysema of the lungs, chronic adhesive pleuritis on 
the right side, atheroma of the aorta, mildly arteriosclerotic kidneys 
and recent laparotomy wound for cholecystectomy. 

Head: The scalp was normal and stripped easily from the cra- 
nium. The skull cap and base were not remarkable. The middle 
ears were normal. The dura was tense over the brain. The spinal 
fluid was clear. Many opacities of various sizes could be seen 
through the external surface of the dura over the frontal, parietal 
and temporal regions. Brain with dura weighed 1255 gm. Brain 
and dura were suspended in 10 per cent neutral formalin. 

On lifting away the dura from the brain cortex it was seen that 
the opacities mentioned previously were multiple, hard, sessile 
nodules and plaques attached to its inner surface, varying in size 
from 2 by 3 mm., to 13 by 18 by lo mm. As shown in Fig. i, these 
were present only in the right half of the dura. A total of thirty- 
eight nodules and plaques were counted. The largest nodule was at- 
tached to the inner surface of the dura in the region of the right 
Sylvian fissure. These dural nodules produced depressions on the 
corresponding surfaces of the brain. The convolutions appeared 
markedly flattened and the sulci shallowed. In the right hemisphere 
in the occipitoparietal lobes occupying the body and posterior 
cornu of the lateral ventricle there was found on frontal sectioning a 
firm, nodular growth 4 by 3.5 by 4 cm., of fibrous, gritty consistency 
(Fig. 2). The right chorioid plexus was strongly adherent to the 
inferolateral angle of the tumor. At first glance this tumor appeared 
to originate in the base of the brain, pushing into the ventricle and 
being easily enucleable. Microscopic sections and further study, 
however, showed that the growth was entirely covered by com- 
pressed brain tissue, which was of paper thinness just beneath 
the pia. The whole right striate body was pushed forward so that 
its frontal pole was 1.5 cm. anterior to that on the left side. The 
lateral ventricle on the left side was not dilated. The brain stem and 
cerebellum showed a marked pressure cone. The cerebral cortex of 
the right frontal lobe showed multiple small angiomas which are 
reported in another paper. 

Microscopic Examination: Sections were stained with hema- 
toxylin and eosin. Van Gieson’s picric-acid fuchsin, Mallory s 
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Introduction 

Multiple meningiomas and solitary meningioma with hyperostosis 
cranei are of interest because of their infrequent occurrence. The 
histogenesis of these tumors is still much disputed. Additional 
cases in which detailed histological studies have been made may 
throw some light on the origin of these growths. 

Case Reports 
Case i 

Clinical History: M. H., female, white, 34 years of age, was admitted in 1928 
to the service of Dr. John A. Sampson, Albany Hospital, for cholecystectomy 
and freeing of numerous dense adhesions around the gall bladder. 

As regards the pertinent facts of her past history she had had no fits of anger, 
hysterical spells or domestic difficulties. However, she had been suffering from 
periods of depression for the past three years, lasting one to two days. "WTien 
depressed she cried a great deal. Because of these depressive states the patient 
was advised to enter a state institution for observation but she refused to sign 
voluntary papers of commitment. Also, she had been having occasional dizzy 
spells and the feeling of pressure in the head. The knee jerks were equal. No 
clonus was elicited and the Babinski, Kernig and Romberg signs were negative. 
Complement-fixation tests for s3qjhilis on the spinal fluid were negative. 

Twenty-four hours after operation an acute respiratory paralysis suddenly 
developed. She responded to artificial respiration and went on breathing nat- 
urally for a few minutes but stopped breathing again. As her cardiac fimction 
continued apparently undisturbed, further artificial respirations were heroically 
attempted for at least two hours but with no avail. This was a striking clinical 
demonstration of the independence of the cardiac and respiratory centers in 
the medulla. 

Autopsy Findings: Autopsy performed one hour after death 
showed the following: Multiple dural meningiomas, multiple angio- 
mas of the cerebral cortex, a pressure cone of the cerebellum and 

* Received for publication December 26, 1929. 
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cell clusters and whorls, indistinguishable histologically from those 
large whorls found in the various tumor masses. 

In the section from the cerebral cortex, compressed by one of the 
larger dural tximor nodules, all the cortical vessels stand out pro- 
minently, due to a marked hyaline fibrotic thickening of the capil- 
lary wall. The perivascular Virchow-Robin spaces are widely 
distended. 

In sections of the tumor masses stained with Van Gieson’s picric- 
acid fuchsin, the pink-staining collagen fibrils are seen to permeate 
the tumor, occurring either as single strands or as dense thick masses 
and whorls. In other areas the broad bands of collagen produce a 
sort of honeycombed branching network, in the interstices of which 
one or more tumor cells lie. The collagen is present only around the 
blood vessels in the very cellular areas. In the smaller dural tumors 
collagen appears only as isolated, mostly short, thickened pink 
strands or nodes. The intimate connection between these tumors 
and the dura is even more noticeable in sections stained by this me- 
thod. In some sections it appears as if the tumor cells have encircled 
each separate collagen component of the dura, producing numerous 
whorls with hyaline centers. 

Weigert’s resorcin fuchsin and Verhoeff’s elastic tissue stains 
both show that elastic fibers are scarce in sections of the various 
tumor masses. None are found in the very cellular areas. In those 
areas where spindle cells predominate the elastic fibers appear as 
short thick strands or longer dark threads. In the collagenous areas 
these elastic fibrils run through the collagen bundles as long thick 
strands. 

Mallory’s phosphotungstic acid hematoxylin stain shows many 
fibroglia fibrils in the spindle cell areas. Reticulum, as stained by 
the Foot and Menard method,^ is absent in the very cellular areas 
of the large polyhedral cells; is abundant in the spindle-shaped cell 
regions (Fig. 5), and scarce in the very coUagenous portions of the 
tumors. 

In sections stained by Penfield’s combined method ^ there is no 
demonstrable increase in size and number of the microglia and the 
oligodendroglia in the imm ediate vicinity of the large ventricular 
meningioma, nor in the cortex depressed by the numerous dural 
growths. However, a reactive increase in neuroglia fibrils is present 
in the brain tissue surrounding the ventricular tumor. 
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phosphotungstic acid hematoxylin, Weigert’s resorcin fuchsin, 
and Verhoeff’s elastic tissue stain; in addition, Foot and Menard’s 
method for reticulum,^ and Penfield’s combined method for oligo- 
dendroglia and microglia - were used. As the brain had been fixed 
in neutral formalin the sections were first mordanted in potassium 
bichromate for several hours whenever necessary. 

Sections from the ventricular tumor, stained with hematoxylin 
and eosin, show ever^nvhere irregular interlacing bands of spindle 
cells with oval vesicular nucleus. Much collagen is present with a 
tendency toward whorl formation. In these collagenous areas there 
are calcific deposits, spiculated, sometimes irregularly oval, show- 
ing no concentric lamellations. Toward the periphery there are 
many masses of large polygonal endotlielioid cells with large, oval to 
almost round vesicular nucleus. Many of these cells are arranged 
in whorl formation b}'’ themselves or around capillaries. Those cells 
forming larger whorls have become spindle-shaped. In still older 
whorls a few collagen fibrils are laid down between the cells. Much 
older whorls consist mainly of a lamellated fibrous tissue core. 
Some of these hyaline fibrous balls contain irregular calcium de- 
posits in the center. Finally, psammoma bodies showing concentric 
calcification are most numerous in and around these cellular areas 
(Fig. 3). Along one edge, in close apposition to and adherent to the 
main tumor mass, the fibrotic but still vascular and tufty remains of 
the chorioid plexus can be distinguished, hlost of the capillaries 
here are almost occluded, due to the thickened hyalinized fibrous 
wall. The remaining capillaries are widely dilated, appearing like 
venous sinuses. In the plexus there are a few calcified psammoma 
bodies and minute cellular clusters and whorls, which in serial sec- 
tions show no connection with the main tumor (Fig. 4). 

Sections taken from the dural tumors en plaque and of the nodular 
type all show a histological picture similar to the previous tumor — 
interlacing bundles of spindle-shaped cells with a tendency to cel- 
lular and fibrous whorl formation, collagen fibrils and psammoma 
bodies. The very small tumors en plaque contain only multiple 
minute cellular and fibrous whorls not yet calcified. These tumor 
masses are intimately connected with the dura. The dense col- 
lagenous fibers on the inner aspect of the dura are seen to fray out 
into the tumor tissue. A section through the region of the pac- 
chionian granulations near the superior sagittal sinus shows many 
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cranei. Here the calvarium is 20 mm. thick as compared with the 6 
mm. of the opposite side. The external table is but very slightly- 
elevated. The tumor apparently started near the midline compress- 
ing the brain caudad and laterad (Fig. 6). It extends 2 cm. from the 
frontal lobe anteriorly to the level of the Rolandic fissure posteri- 
orly. There are numerous pacchionian granulations on each side of 
the falx cerebri in the vicinity of the growth. The largest of these 
measures 5 by 5 by 2.5 mm., being about i cm. away from the 
posterior pole of the growth, and having grossly the same appearance 
as the large tumor. Sulci and convolutions of the cortex do not ap- 
pear shallowed or flattened. There is no cerebellar pressure cone. 
The cut surface of the growth after fixation is very fibrous, gritty 
and pearly gray. The edge of the tumor is sharply demarcated. 
Except for some filmy strands it can be easily shelled out. The left 
lenticulostriate body is not involved. The lateral ventricles are not 
very much compressed nor dilated, the anterior horn on the same 
side as the tumor being somewhat larger. Posteriorly the tumor 
penetrates the gray matter of the precentral gyrus over an area 2 
mm. in diameter and 17 mm. from the median fissure, being adherent 
to the overlying pia-arachnoid. 

Microscopic Examination: All the diflferent staining methods 
mentioned under Case i were again employed here. The microscopic 
pictures after the various staining reactions are identical with those 
of Case I. In Fig. 7, the invasion of the bone by the tumor cells is 
clearly shown. 

Sections of the pacchionian granulations show many cellular 
nests and whorls. The chorioid plexuses contain many psammoma 
bodies and cell nests. 

In the sections from the compressed brain the perivascular spaces 
of Virchow-Robin are widely distended. Numerous minute, spher- 
ical,' partially calcified “amyloid” bodies are present here and there 
in the cortex; many are present in the endothelial lining cells of the 
cortical capillaries. 

Discussion 

Meningiomas may occur as a diffuse process, or may be single or 
multiple. The very rare diffuse form of meningioma or meningio- 
matosis has been reported under a variety of diagnoses by Bassoe 
and Shields, 3 Markus,^ Greenfield,® Pirie,® Cassirer and Lewy,^ 
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Case 2 

Clinical History: F. G., laborer, white, 45 years of age, was admitted in 1929 
to the service of' Dr. George S. Amsden for convulsions. He had had these 
epileptiform seizures for the past nineteen years. Since onset they had been 
more or less typically the same. First he moaned, then the right side of his face 
pulled up, his head turned to the right and his right arm began to jerk. He lost 
consciousness, frothed at the mouth, bit his tongue and was incontinent of urine 
and feces during an attack. When he came out of an attack he usually appeared 
perfectly normal. For many years these attacks had been occurring about once 
every two months. Soon they began to occur every day, and for the last two or 
three days he had had one attack every twenty minutes. 

The physical examination showed a -well developed and nourished man lying 
in bed and having an occasional convulsion. The order of events during one of 
these convulsions was: twitching of both sides of the face, mouth puUed over to 
the right, head and eyes pulled over far to the right, and then the right arm be- 
gan to jerk donically. The whole thing was over in about one to two minutes. 
During the attack the pupils did not react, the teeth clamped down and the 
sphincters relaxed. 

There was a complete smoothing out of the lines on the right side of the face. 
The lips could not be drawn up. The forehead wrinkled equally well on both 
sides. Extra-ocular movements were normal. Fundi had been consistently 
negative. Tongue protruded with marked deviation to the right. Reflexes 
were dimmished throughout but were apparently equal. No muscle weakness 
was elicited. There were varicose veins -with an old varicose ulcer on the left leg. 

The first and last 5 cc. tubes of the spinal fluid were perfectly clear but the 
middle tube showed definite xanthochromia. The initial pressure was 350 mm. 
water; bilateral jugular compression gave a prompt rise to 700 mm. and back to 
300; right jugular compression gave a prompt rise to 350 mm. and back to 300; 
left jugular compression gave a prompt rise to 350 mm. and back to 300. After 
5 cc. of the spinal fluid were removed, the pressure fell to 220 mm.; after 10 cc. 
removal, 190 mm.; after 15 cc. removal, 150 mm.; after 20 cc. removal, 120 
mm.; and after 25 cc. removal, 100 mm. Cell count gave 7 cells per cmm. 
with a differential of 90 per cent lymphocytes. Pandy, Takata-Ara, Kahn and 
Wassermann tests of the spinal fluid were aU negative. 

During his seven days stay in the hospital the patient continued to have con- 
vulsions in spite of medication. He had as many as 100 convulsions during the 
course of twenty-four hours. At night he might have 50 convulsions. He 
seemed not to become exhausted, the convulsions being very light in character. 
He became gradually worse and his breathmg labored. The left lung showed 
beginning hypostasis. Temperature rose to 108 , his pulse to 167, whereas his 
respirations which were 55 the day before fell to 48 about forty-five minutes 
before death. 

Autopsy Findings: Autopsy performed one and one-fourth hours 
later is essentially not remarkable, excepting in the calvarium and 
the brain. In the left superior frontoparietal region near the midline 
the dura is strongly adherent to the internal surface of the skull cap 
over an area about 4.3 cm. in diameter. The inner table is invaded 
by a nodular tumor 8.7 by 6.4 by 4.8 cm., producing a hyperostosis 
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As seen in Table I, we have been able to find in the literature only 
twenty-two cases of multiple cranial meningiomas, including the one 
here reported. Globus before the New York Neurological Society 
in 1928 mentioned that there was only one instance of multiple 
meningiomas out of a personal experience of 120 to 130 tumors but 


Table I 



Author 

Age 

in 

years 

Sex 

Number of 
primarj’ 
meningeal 
tumors 

Associated findings 

I 

Wishart 

21 

M 

Numerous 

Bilateral acoustic tumors and 
multiple neurofibromatosis 

2 

Langdon 

32 

F 

Numerous 

Unilateral acoustic tumor 

3 

Henneberg and Koch“^ 

26 

M 

Numerous 

Bilateral acoustic tumor 

4 

Schmidt 

77 

M 

2 tumors 

None 

5 

Schmidt 

88 

, « 

2 tumors 

None 

6 

Fraenkel and Hunt 

42 

F 

Over 100 
tumors 

Bilateral acoustic tumors 

7 

Westphal 

26 

F 

Numerous 

Bilateral acoustic tumors and 
multiple neurofibromatosis 

8 

Verocay ’’ 

31 

M 

Numerous 

Bilateral acoustic tumors and 
multiple neurofibromatosis 

9 

Henschen 

25 

M 

Numerous 

None 

ro 

Leischner 

40 

M 

Numerous 

Unilateral acoustic tumor 

II 

Heuer and Dandy 

Adult 

M 

2 tumors 

None 

12 

Greenfield '' 

31 

M 

3 tumors 

None 

13 

Symonds*’ 

27 

M 

Numerous 

I Bilateral acoustic tumors and 
multiple neurofibromatosis 

14 

Krivy 

Old 

F 

3 tumors 

None 

IS 

Firket 

27 

F 

10 tumors 

Bilateral acoustic tumors and 
one spinal meningioma 

16 

Casper “ 

Old 

F 

Numerous 

None 

17 

Casper “ 

52 

F 

Numerous 

None 

18 

Casper ^ 

72 

M 

Numerous 

None 

19 

Savy et al.^ 

39 

F 

2 tumors 

None 

20 

Rfignier el al.*’’ 

36 

M 

2 tumors 

Bilateral acoustic tumors and 
multiple neurofibromatosis 

21 

Flick « 

54 

F 

Numerous 

None 

22 

Here reported 

30 

F 

38 tumors 

Multiple angiomata 


he did not state whether the multiple condition was intracranial, 
intraspinal, or both. In the collected series there were eleven males 
to ten females with no sex data in one case — apparently no predi- 
lection for either sex. There is a wide variation in the age incidence 
as the youngest was 21 and the oldest, 88 years of age. There were 
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Mooi^iead and Wighatn/ Fried, Connor and Cusliing,^o and Cas- 
per “ Also, meningiomas may be histologically malignant. Craig 

found eleven cases among fifty-six cases of intracranial meningio- 
mas. Bailey reported two cases of meningioma of the fibrosarco- 
matous type. Towne’s second case showed a meningioma of the 
falx cerebri with invasion of the inferior longitudinal sinus, extension 
into the straight, superior longitudinal, right and left lateral sinuses, 
jugular and innominate veins and superior vena cava. 

Numerous instances of solitary meningiomas with or without 
cranial hyperostosis have already been reported by Cushing 
and his associates,^®- Tooth,®’^ Greenfield,® Alurralde and Sepich,®® 
Holmes and Sargent,®® Cordes,®^ and others. This h3^erostosis 
cranei (hemicraniosis of the French) has been interpreted as 
being due to an osteoblastic invasion of the skull by the tumor 
(Penfield,®® Phemister,®® Sosman and Putnam,®^ and others), or as 
resulting from a defensive reaction of the bone to the progressing 
dilatation of the blood vessels (Kolodny ®®). In a study of ten cases 
of meningioma with cranial changes, Kolodny found that prolifera- 
tion of bone precedes the infiltration of the skull by tumor cells. 
Spiller also believes that the enlargement of the bone may come 
fiust. Wishart’s case is uniquely interesting in that there were 
two hyperostoses cranei, one of which had become perforated by the 
invading tumor. Also, in the cases of Mix®^ and of Dumas and 
Dechaume,®® the dural grow.th penetrated the skull out into the 
scalp. The growth in Alurralde and Sepich’s case was strongly 
adherent to the base of the skuU in the right middle fossa. In 
Daspit’s second case,®® the dural meningioma perforated the tem- 
poral and sphenoid bones and extended down the neck and into the 
right sphenoid and posterior ethmoid sinuses. That aU tumors per- 
forating the vertex of the skull may not be due to a meningioma is 
shown by Daspit’s first case of a perforating gliosarcoma. Cushing 
found that the bony thickening of the cranial vault is more apt to be 
much more pronounced in meningiomas e 7 i plaque than in the more 
massive type with a relatively small area of meningeal attachment. 
He has found them palpable externally, or demonstrable by X-ray 
in a:t least 25 per cent of the meningiomas. Furthermore, tumors 
parasagittal in origin and those arising from the temporofrontal 
meninges, adjacent to the Sylvian deft, seem to be accompanied 
by hyperostosis cranei more often than those in other situations. 
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dural endothelioma does not arise from the dural cellular elements 
but is of arachnoidal origin, either from the pacchionian granula- 
tions or from these cell clusters. Later, Weed, Winkelman and 
Wilson also pointed out the possible relationship of these cell nests 
to true meningiomas. Indeed, these cell whorls and clusters may be 
called miniature meningiomas as they correspond histologically to 
the fully developed meningeal tumor. 

But what is the parent cell of this meningioma group of tumors? 
Their histogenesis is still a mooted question. Cushing suggested the 
name “meningioma” in view of the fact that its origin is still a dis- 
puted point and that the name is non-committal as regards its 
genesis from a particular type cell. Mallory” pointed out its 
fibroblastic nature by finding that elastic fibrils are elaborated by 
these tumor cells. Crowe and Jones and Van Wagenen con- 
firmed Mallory’s findings. However, Bailey warns us that though 
in rare instances the cells of a meningioma may form fibroglia, col- 
lagen and elastin, this does not prove they are not endothelial cells. 
Maximow watched in tissue cultures of the leptomeninges en- 
dothelial cells from the severed ends of small arteries growing out, 
forming side processes and losing their differences from fibroblasts. 
Kredel®^ noted that in young tissue cultures of meningiomas the 
typical cells seemed to be a mononuclear-macrophage series rather 
than fibroblasts, whereas in older cultures the cells appeared gradu- 
ally to assume a form more closely resembling that of fibroblasts. 
More recently, Buckley and Eisenhardt®- from tissue culture 
studies stated that the meningioma tumor cells which grew out in a 
reticular pattern are mesodermal, non-phagocytic cells. They state 
that these growing tumor cells did not appear to be of the fibro- 
blastic type. On the other hand, Mallory and Parker from histo- 
logical study conclude that reticulum is collagen in separated form 
rendered prominent by the silver stain, that all collagen is produced 
by fibroblasts, that there are no reticular cells other than fibroblasts 
and that endothelial cells do not produce an intercellular substance. 
Yet Foot has found much reticulum in a malignant endothelioma 
originating in the reticulo-endothelium of lymphoid tissue. To 
quote from him, “the morphological differences between vascular 
and reticulo-endothelium may, after all, be merely an evidence of 
a difference in the physiology of the same cell due to varying reac- 
tions to varying surroundings.” Indeed, Piney and more recently 
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no other cranial findings in eleven cases; two had an associated 
unilateral tumor of the acoustic nerve, eight had in addition bilaterd 
tumors of the acoustic nerve; and four of these last eight cases also 
showed multiple neurofibromatosis of the von Recklinghausen type 
of the cranial and pkipheral nerves. Casper’s third case is particu- 
larly interesting in that the two primary meningeal tumors were as- 
sociated with a difiuse menin^omatosis of the pia-arachnoid and an 
endothelioma of the duodenum. In no case was the multiple nature 
of the meningiomas suspected before death. 

Other interesting cases of multiple cranial and spinal tumors, 
though not strictly germane to this study, may be mentioned. 
Biggs’ case®" showed a bilateral tumor of the acoustic nerves and 
only one tumor of the falx cerebri. In a case reported by Schultze,®^ 
in addition to the cranial meningeal tumor there were multiple 
tumor nodules of the spinal pia, all histologically similar. In Funken- 
stein’s case,®* there were a psammoma and an osteopsammoma of 
the spinal dura associated with bilateral tumors of the cerebellopon- 
tine angle and multiple neurofibromatosis. 

The frequent occurrence of multiple cranial meningiomas with 
bilateral acoustic nerve tumors and multiple neurofibromatosis has 
been regarded as being more than fortuitous by Verocay,®® Cush- 
ing,®® Firket,^® and Regnier and his associates.^'^ Both Verocay and 
Cushing interpret this in the light of some anomaly of development 
of the nervous system, whereas Regnier and his associates state that 
they have been able to find all transitions between the meningeal 
tumors and the tumors of the nerves. From Table I, it is seen that 
eleven, or 50 per cent of the cases were not associated with other 
types of tumor formation. This would suggest that the association 
of meningeal tumors and multiple neurofibromatosis is not an a 
priori relationship but an expression of the predisposition or sus- 
ceptibility of the individual through hereditary and dysontogenetic 
influences. 

It is to be noted here that solid cell clusters with a tendency to ir- 
regular massing of nuclei or formations of small whorls have been 
frequently noted in the arachnoid by Schmidt,®® Le Gros Clark,®^ 
Weed,®® and Winkelman and Wilson.®® They occur at aU ages from 
infancy on, but are an almost constant finding in the later decades 
of life. Weed found these cell dusters undergoing hyaline changes 
and caldfication. Schmidt in 1910 first suggested that the so-called 
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become the endothelium of the primitive blood cells. These blood 
spaces join one another and thus form a network of channels which 
soon ramify throughout the entire embryo. 

Thus, as seen from the embryology of the meninges and of the 
vascular system, we are concerned strictly with the mesoderm in re- 
gard to the origin of the tumors in om cases; the multiplicity of 
these dural and an^omatous newgrowths in our first case would 
indicate a disturbance of the mesodermal germ layer, probably 
congenital. 

We believe that the large ventricular tumor in our first case arose 
from the mesodermal elements of the chorioid plexus, an unusual 
origin for a meningioma. In support of this we find that: (a) the 
chorioid plexus is strongly adherent to the tumor mass; (b) this 
plexus contains numerous psammoma bodies and, what is more im- 
portant, cell nests or whorls which by serial sections are found to 
have no connection with the tumor itself and which histologically 
are indistinguishable from the cellular areas of the tumor; (c) the 
tumor is surrounded on all sides by brain tissue, being wholly 
located in the lateral ventricle. 

One would expect from the large size of the tumors in both of our 
cases, producing much pressure atrophy of the adjacent brain tissue, 
that there would be some reaction on the part of the interstitial 
tissue of the brain. However, microglia and oligodendroglia are not 
significantly increased or decreased. There is no demonstrable swell- 
ing of the ohgodendroglia, Neuronophagia is absent. Only a moder- 
ate reactive gliosis is present in the immediate neighborhood of 
the ventricular tumor. All this bespeaks an extremely slow tumor 
growth in the two cases. In Case 2 , it is definitely known that the 
onset of symptoms began nineteen years before death. Further- 
more, this extreme slow growth is indicated by the presence of 
numerous psammoma bodies and abundant collagen fibrils, with 
very few cellular areas in these tumors. 

Summary 

I. Two cases of cranial meningioma are here presented: the first, 
one of multiple dural meningiomas associated with multiple angio- 
mas of the cerebral cortex; and the other, a solitary meningioma 
with h37perostosis cranei. 
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Bailey, Cushing and Eisenhardt^® believe that neoplastic endo- 
thelial cells may differentiate and form strands of reticulin so char- 
acteristic of these growths. In other words, a meningioma may be- 
long to the reticulo-endothelioma group of tumors. We find that 
the tumor cells in both of our cases elaborate reticulum, fibroglia, 
collagen and elastic fibrils, all derivatives of mesodermal cells. 
Bailey, Cushing and Eisenhardt state that meningoblasts are cap- 
able of differentiation into angioblasts, fibroblasts, and possibly 
other types of cells. At any rate, tissue cultures and histological 
studies seem to indicate that the type cell of the meningioma is not 
fully differentiated, having endothelial and fibroblastic develop- 
mental tendencies which seems to depend on the stage of the dif- 
ferentiation, the younger, more cellular parts having endothelial 
characteristics and the older parts showing fibroblastic qualities. 

It may not be amiss to review here briefly the embryology of the 
meninges. According to Wislocki,®® the meninges in mammals arise 
as a differentiation of the middle germ layer about the neural tube. 

The primitive mesenchyme condenses into two laminae, the outer 
of which becomes the dura, and the inner the leptomeninges. This 
inner lamina itself divides partially by a condensation of the mes- 
enchyme, giving rise to the pia and arachnoid which remain con- 
nected with each other by a porous mesenchymal stroma. The 
subdural and subarachnoidal spaces are both lined by pavement- 
like mesothelial cells derived from the middle germ layer. Key and 
Retzius (1875), cited by Wislocki,®® demonstrated by the silver im- 
pregnation method that the subdural space is lined by a continuous 
layer of mesothehal cells. The chorioid plexus arises from the mem- 
branous portion of the roof of the forebrain and hindbrain as a series 
of buds and folds, consisting of a richly vascularized connective 
tissue core derived from the periaxial mesenchyme, and a covering 
of epithehal cells, which represents a modified part of the ependymal 
lining of the ventricle. As regards the pacchionian granulations, 
Luschka (1855), cited by Wislocki,®® first distinguished their origin 
from the arachnoid and named them “arachnoidal \nlli.” 

According to Bailey and Miller the formation of blood vessels 
in all the higher vertebrates, including mammals, begins in the area 
opaca of the blastoderm. In this area the blood islands arise, being 
composed of rounded cells which have developed from the branched 
mesodermal (mesenchymal) cells. The superficial cells of an island 
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2. The tumor cells of the meningioma are mesodermal in ori^n. 
They elaborate reticulum, fibroglia, collagen and elastic fibrils. The 
multiplicity of the intracranial meningiomas and the angiomas in 
Case 1 connotes a marked disturbance of the mesodermal germ 
layer. 

3. Chnically and histolo^cally, the meningiomas in these two 
cases indicate a long drawn-out course. Considering the large size 
attained by these growths it is remarkable that a brain tumor was 
not suspected. The first patient was thought to be a mental case due 
to her frequent depressive states associated with fits of cr5dng. The 
second patient, who was under the constant care of a neurologist, 
was being treated for idiopathic epilepsy. 

4. The brain tissue, immediately surrounding the meningiomas 
and the angiomas and also far removed from these growths, shows 
no reactive increase in microglia or oligodendroglia, although in the 
adjacent cerebral cortex of both cases, so-called “amyloid” bodies 
are very abundant. A reactive gliosis is present in the immediate 

neighborhood of the ventricular tumor. 

/ 

Note: Grateful acknowledgment is made to Drs. John A. Samp- 
son, George S. Amsden, and LaSalle Archambault for permission to 
use the clinical histories of the two cases here reported. I am very 
much indebted to Dr. Victor C. Jacobsen for helpful suggestions. 
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Plate 58 

Fig. I. Dural cap, inner view, showing the multiple meningiomas in nodular 
and plaque formation. 
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Fig. 2. Large meningioma filling the right lateral ventricle and apparent!}' 
arising from the chorioid plexus. 

Fig. 3. Photomicrograph of a section from the lateral ventricle meningioma. 
Note the whorl formation and the many psammoma bodies, x 126. 
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Fig. 4. Photomicrograph of one of the cellular clusters found in the chorioid 
plexus of the right lateral ventricle. It forms a sort of a sheath around the 
vessel. It is histologically indistinguishable from the cellular areas of 
Fig. 3. X 430 - 

Fig. 5. Photomicrograph, Foot and Menard method for reticulum. Note the 
abundance of fine reticular fibrils in intimate association with the tumor 
cells. X 625. 
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Fig. 6. Frontal section of the left frontal lobe showing the marked destruction 
by pressure atrophy of this portion of the corte.K and the production of 
h3^perostosis cranei. 

Fig. 7. Photomicrograph of a section through the hj'perostosis cranei. Note the 
invasion of the diploic spaces by the tumor ceils, x 100. 
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Morphology 

The shape and relative size of the cytoplasmic inclusions in 
guinea pigs are well illustrated in the photomicrographs (Figs. 10 
and ii) which were taken at a magnification of 2000 diameters. 
The inclusions are clearly visible in the distal parts of the cytoplasm 
between the nuclei and the lumina of the ducts. They are masses of 
variable size which in section tend to take a roughly oval shape 
with their long axes parallel to the cell membrane. This oval shape 
is represented also in Fig. 4 after the application of the Feulgen 
reaction. 

Many attempts were made to dissect out inclusion-laden cells in 
order to study the inclusions in the fresh state without the aid of 
supravital stains, but none of them was successful. In permanent 
preparations the internal structure of the inclusions depends to 
some extent upon the technique used. 

After fixation in Zenker’s fluid and coloration by Giemsa’s method 
the inclusions seem to be made up of clusters of tightly packed and 
very minute, strongly basophilic particles. That each inclusion 
mass, or clump of particles, is resilient and fairly dense is shown by 
the fact that when applied to the nuclear membrane they often in- 
dent it because the membrane appears to be more yielding than the 
inclusion. A good example of such nuclear indentation is shown in 
Fig. II. 

A wide variety of other fixatives reveals the same particulate ap- 
pearance irrespective of the stain employed, because morphological 
characteristics are merely accentuated or suppressed but seldom 
modified by tinctorial procedures. With some, such as Giemsa’s 
sublimate, the inclusions appear to be more homogeneous in struc- 
ture. Frequently, and irrespective of the fixation, the centers of the 
inclusions are less dense than their peripheral parts; indeed the cen- 
tral areas may look hke clear vacuoles being devoid of any detect- 
able formed material. This is the appearance represented in Fig. 4. 
The inclusions are usually limited by a more or less distinct halo. 

MiCROCHEMISTRy 

These cytoplasmic inclusions are characterized by their great 
resistance to solvents. No ordinary fixative destroys them. They 
withstand 80 per cent alcohol, Carnoy’s fluid which contains 30 per 



CYTOPLASMIC INCLUSIONS PRODUCED BY THE 
SUBMAXILLARY VIRUS* 

E. F. Pearson 

{From the Anatomical Laboratory, Washington University, St. Louis, Mo.) 

It has been shown by Cole and Kuttner ^ and by Kuttner ^ that 
the cellular changes discovered by Jackson® in the submaxillary 
glands of a large proportion of apparently normal guinea pigs are 
not protozoan parasites but rather alterations caused by a filterable 
virus. The changes are characterized by marked cytoplasmic and 
nuclear hypertrophy and by the appearance in the nuclei of acido- 
philic inclusions which have a distinct resemblance to the intranu- 
clear bodies described by Tyzzer'* in the cutaneous lesions of 
varicella — a similarity which was first noted by Goodpasture and 
Talbot.® These intranuclear inclusions in the submaxillary glands of 
guinea pigs have attracted much attention because it has further 
been found that they look like inclusions caused by other well recog- 
nized viruses such as herpes and virus III, as well as still other 
nuclear inclusions which occur occasionally in human tissues in the 
absence of recognizable clinical s)anptoms (Goodpasture and Talbot, 
and VonGlahn and Pappenheimer ®). 

In this way att,ention has been focused on the nucleus to the al- 
most complete neglect of the cytoplasm. This is illogical if we are to 
gain a true appreciation of the nature of the cellular response to the 
virus. A reaction is setting in and many cytological observations of 
fundamental interest have recently been made by Scott and by 
Scott and Pruett.® There remain, however, certain conspicuous 
cytoplasmic inclusions which thus far have been largely ignored. 
They were first observed and clearly figured by Jackson who thought 
that they were “merozoits.” Goodpasture and Talbot simply con- 
firmed Jackson’s discovery of their occurrence in guinea pigs’ sub- 
maxillary glands. In the more recent studies of Cole and Kuttner, 
and of Kuttner, no reference is made to them. The purpose of this 
paper is to record detailed observations concerning them. 

* Received for publication December 9, 1929. 
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in the adjacent greatly hypertrophied cell containing a large in- 
tranuclear inclusion and many smaller, spherical, C3doplasmic ones. 
The second kind of evidence was secured by making intraperitoneal 
transplantations of parts of submaxillary glands containing inclu- 
sions. This was done with three guinea pigs. The transplanted tis- 
sues were removed after forty-eight hours and prepared for study. 
The large cells containing inclusions were found to be unaltered 
whereas the other cells were in advanced stages of autolysis, which 
is consistent with the hypothesis that the former were dead to start 
with. This goes to show that the tinging with mucicarmine may not 
indicate the presence of mucus. 

In the second place, if the inclusions do consist of mucus one 
would expect them to react in the same way to fixatives and stains 
as known mucus and granules of mucigen in other parts of the same 
sections of the sahvary glands; but they do not. They are both 
more resistant to solvents in fixatives and more basophilic than 
mucus in neighboring cells. 

MiUon’s reagent was then applied but no coloration of the cyto- 
plasmic inclusions could be obtained which was sufficiently intense 
to justify any conclusion one way or the other. 

The Feulgen reaction for thymonucleic acid was tried in accord- 
ance with the detailed instructions given by Cowdry “ and the re- 
sults are given in black and white in Figs. 3 and 4. The black parts 
represent the distribution of the deep purple color which is formed 
in substances said to contain thymonucleic acid. In the cell shown 
in Fig. 3 this purple color (now black) was limited to the nuclear 
membrane and to certain masses within the nucleus in close associa- 
tion with the large nuclear inclusion, as weU as to the nucleus of the 
imaltered cell slightly above and to the right. Immediately above 
the hypertrophied nucleus a single oval cytoplasmic inclusion can be 
made out. It is in touch with the cell membrane and consequently 
very near the lumen of the duct. The original faint lilac color which 
it possessed is here indicated as a light gray. In Fig. 4 also essentially 
the same very light coloration of the inclusions (below the nucleus) 
is represented. Evidently thymonucleic acid is either absent in the 
inclusions or present in very small amounts. 

Lastly, the Macallum test for potassium was employed with the 
modifications advised by Rohdenburg and Geiger.^^ AU that can be 
said is that the black granular deposit which was obtained was 
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cent of acetic add, and formalin in various concentrations. But it 
does not follow that they would be equally resistant to solvents ap- 
' plied to them in the fresh state, because Cowdry and Kitchen ® 
found that the intranuclear inclusions characteristic of experi- 
mental yellow fever in monkeys, though equally resistant to fixa- 
tives containing acetic acid were quickly dissolved by the applica- 
tion of 0.05 per cent of acetic acid to the fresh cells. 

Viewed in the fixed but unstained state the inclusions are not 
pigmented, neither are they doubly refractile when examined with 
crossed nicols. They are strongly basophilic and are thus easily dis- 
tinguished tinctorially from the acidophilic intranuclear inclusions. 

When frozen sections are made after formalin fixation the cyto- 
plasmic inclusions can be tinged only very slightly with Sudan III, 
whereas neutral fat is strongly colored. Treatment with 2 per cent 
osmic acid for twenty-four hours results in a slight browning of the 
inclusions. When osmication is continued for several days a few 
small black, granules make their appearance within the brown- 
colored inclusions. 

Specific tests for mucin yielded rather inconclusive results. It 
was difficult to color the inclusions in the usual way with mucicar- 
mine but by using a very concentrated sample of the stain they 
were induced to take a rather dense color which corresponded 
closely to “Nopal red” in Ridgway’s standard color scale, while 
all the other elements in the tissue were either unstained or but 
lightly tinged with the dye. This reaction appeared to be specific 
but should nevertheless be interpreted ndth caution. 

In the first place, Dr. R. R. Bensley has kindly informed me, in a 
personal communication, that parts of dead cells can often be stained 
with mucicarmine irrespective of whether they do or do not contain 
mucus. There are two lines of evidence which indicate that the 
greatly enlarged duct cells with fully developed cytoplasmic and 
nuclear inclusions are dead. The first results from the use of me- 
thods designed to reveal mitochondria. Fig. 2 represents a cell after 
preservation in Regaud’s fluid and coloration with anilin fuchsin and 
methyl green. In the original the mitochondria were colored crimson 
against a light green background. In the figure they are represented 
in shades of gray and may be recognized by their rod^like shape. 
It will be seen that, though mitochondria are present in abundance 
in the uninjured duct cells, they are conspicuous by their absence 
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invariably, seen. Sometimes and for no apparent reason they are 
more abundant than at other times. Cells fully charged with both 
nuclear and cytoplasmic inclusions may presumably persist for 
months, even years, without noticeable change. Though apparently 
dead for the reasons stated, they contain either in their interior or 
on their surfaces, active virus. In a few, however, the degeneration 
proceeds further as represented in the photomicrographs, Figs. 12, 
13 and 14, and at the same time the cytoplasmic inclusions become 
less noticeable. Compare these figures with Figs. 10 and 11 which 
illustrate the height of the reaction in which both t3q5es of inclusion 
are very conspicuous. 

This further degeneration of the injured cells is paralleled by 
non-specific changes in the neighboring duct cells, as seen in Fig. 12. 
By non-specific I mean that, by contrast, these other cells do not 
hypertrophy and do not develop inclusions of either kind. Their 
nuclei are lost by lysis and their cytoplasm fails to stain in the usual 
way and is replaced by chromophobic watery material. Examina- 
tion of Fig. 12 shows that the lumen of the original duct is occupied 
by a very hypertrophied cell with a conspicuous intranuclear inclu- 
sion and that the adjacent cells to the left are further degenerated, 
in this way, than are those to the right. Accompanying such super- 
posed non-specific lesions it is common to find a marked local in- 
filtration consisting principally- of lymphocytes and macrophages. 

In Fig. 13 the degeneration is not quite so far advanced. The 
chief points of interest are absence of cytoplasmic inclusions, the 
extension of the surface of the cell and the failure of the cell to bulge 
into the lumen. In Fig. 14 the degeneration is so marked that the 
nuclear inclusion is hardly recognizable, the nuclear membrane it- 
self is partly destroyed and no C3rioplasmic inclusions can be made 
out. 

While the vast majority of the injured cells remain in the con- 
dition illustrated in Figs. 10 and it , some proceed further to the 
state represented in Fig. 14, and a few are definitely removed by 
desquamation into the lumina of the ducts. Such a cell is shown in 
Fig. 15. It contains only one cytoplasmic inclusion which is visible 
in the concavity of the nucleus. 

The incidence of the two kinds of inclusions was also investigated 
in respect to the number of cell types in which they are produced. 
This was accomplished in three ways. First by the method of in- 
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limited to the cytoplasm of both the normal and injure-d cells. In 
the latter, however, as illustrated in Fig. i , it was particularly abun- 
dant, especially in the distal region of the cytoplasm between the 
nucleus and the lumen of the duct, which area is known to contain 
the largest number of cytoplasmic inclusions. 

Incidence 

The examination of many guinea pigs of uncertain age was sup- 
plemented by the study of three guinea pigs of each of the following 
ages — 3, 5, 8, and 12 weeks. In this latter series the submaxiUary 
glands were all fixed in Zenker’s fluid and colored by Giemsa’s 
stain. 

No nuclear or cytoplasmic inclusions were found in the 3 weeks- 
old guinea pigs. Inclusions were observed only in one of the three 
guinea pigs killed at the age of 5 weeks, and all of them were 
nuclear. But aU of the 8 and 12 weeks-old animals contained both 
nuclear and cytoplasmic inclusions. Approximately 10 per cent of 
the cells possessing intranuclear inclusions in the three guinea pigs 
of 8 weeks contained cytoplasmic ones, whereas about 50 per cent 
of them exhibited cytoplasmic inclusions in the three animals of 
12 weeks. In support of these findings limited to so few animals 
it was observed in many instances that old-looking guinea pigs 
often contained both cytoplasmic and nuclear inclusions, whereas 
animals weighing less and presumably younger showed only nuclear 
inclusions. 

It is evident that the cytoplasmic inclusions are of definitely 
restricted incidence in comparison with the nuclear ones. They ap- 
pear only after the intranuclear inclusions are well formed and after 
the injured cells have undergone other profound changes, of which 
may be mentioned great hypertrophy and disappearance of mito- 
chondria. In other words, it is likely that the cytoplasmic inclusions 
make their appearance at the time or after the death of the affected 
cells, whereas the intranuclear inclusions are first formed perhaps 
while the cells are still alive but at any rate before marked enlarge- 
ment has set in. Figs. 6 and 7, for instance, illustrate intranuclear 
inclusions in relatively ^all cells which do not contain typical 
cytoplasmic inclusions. Even in old guinea pigs where the cellular 
hypertrophy is extreme, cytoplasmic inclusions are usually, but not 



268 


PEARSON 


veloped in the duct cells of the parotid and of the mucous and serous 
portions of the submaxillary gland as well as in the serous acinous 
cells of the latter. They are never seen in the absence of intranu- 
clear inclusions. 

Discussion 

What then is the status of these cytoplasmic inclusions? Until 
they have been seen in guinea pigs in injuries other than those 
caused by the submaxillary virus we may logically regard them in a 
provisional way as specific of its action. This specificity is however 
one-sided, for though the presence of cytoplasmic inclusions points 
to the presence of the virus, their absence does not mean that the 
virus is likewise absent; it indicates merely that the virus is weak. 
This statement is justified in view of Cole and Kuttner’s experi- 
ments. Beginning with a saline emulsion of submaxillary glands 
containing many cytoplasmic and nuclear inclusions, it was a simple 
matter for them and for Scott and for me to create by intracerebral 
injection in guinea pigs a fatal meningitis characterized by an abun- 
dance of intranuclear inclusions without any cytoplasmic inclusions. 
But the second intracerebral passage very seldom if ever results in a 
distinct infection in spite of the large number of intranuclear inclu- 
sions in the material passed. Indeed Cole and Kuttner were only 
able to maintain the virus in a few serial transfers by alternating 
their sites of inoculation between testicle and brain and skin and 
brain. They do not state whether cytoplasmic inclusions occur in 
the testicle and skin. If they had been conspicuously present, ref- 
erence would probably have been made to them. Summarizing the 
situation, it is safe to say that the virus has not yet been maintained 
by direct passage in unlimited series in any tissue except in the 
salivary glands in which the formation of the cytoplasmic inclusions 
is such a very conspicuous and apparently unavoidable feature of 
the cellular response. 

It is possible therefore that the development of cytoplasmic in- 
clusions is in some way concerned with the continuation of the virus 
in nature, or it may be that the cytoplasmic inclusions are merely 
incidental by-products of its action. Both hypotheses are rational 
in the light of our present scanty information. In terms of the latter 
h3^othesis the conditioning factors in the formation of the cyto- 
plasmic inclusions cannot as yet be given in detail. It may be a 
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tracerebral inoculation introduced, for this virus by Cole and K.utt- 
ner. They say that “the most striking feature is the presence in 
the meningeal exudate of large numbers of cells, each of which con- 
tains an acidophilic mass within the nucleus. These cells resemble 
in all particulars the cells containing inclusion bodies which occur 
in herpes simplex and related conditions ...” 

Following the instructions given by these authors, I injected three 
young guinea pigs intracerebrally, and under ether anesthesia, with 
a 10 per cent emulsion in physiological salt solution of the submaxil- 
lary glands of several old guinea pigs. The animals were sacrificed 
seven days later and the intranuclear inclusions mentioned were 
found in the large mononuclear cells of the exudate, which however 
contained no trace of cytoplasmic inclusions. 

The second method, likewise devised by Cole and Kuttner, was 
tried without success. It involved the removal, under ether anes- 
thesia, of the submaxillary glands of three young guinea pigs. The 
wounds healed uneventfully and virus emulsion was injected sub- 
cutaneously at frequent intervals over a period of thirty days when 
the animals were sacrificed and the parotid glands prepared for 
study. The object was to induce the virus to act upon the parotids 
in the complete absence of the submaxillary glands, but no inclu- 
sions could be found in the parotids. Fortunately, however. Dr. 
Kuttner very kindly sent me a preparation of the parotid from such 
an experiment which showed beyond question both cytoplasmic 
and nuclear inclusions in the duct cells. 

The third method of spreading virus action was that of Scott ^ 
and consisted of the ligation, under ether anesthesia, of the ducts of 
the submaxillary glands in a series of three young guinea pigs and 
immediate injection directly into each gland of 0.5 cc. of similar 
virus emulsion. After sixteen days the glands were removed and 
prepared for study. Typical cjrtoplasmic and nuclear inclusions 
were found in many duct cells as well as in a few of the cells of the 
serous acini, but nuclear inclusions unaccompanied by cytoplasmic 
ones were seen in addition in smooth muscle cells, fibroblasts, endo- 
thelial cells and large mononuclear cells. 

Clearly, therefore, the formation of cytoplasmic inclusions is a 
much more restricted mode of response to the virus than that of the 
development of intranuclear inclusions when a variety of cell types 
is considered. In guinea pigs the cytoplasmic inclusions are de- 
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stantly produce both cytoplasmic and nuclear inclusions in all 
susceptible cells. 

Whatever the significance of these cytoplasmic inclusions may be 
in the guinea pig, the fact that other similar cytoplasmic inclusions 
have been clearly described and illustrated by Wilson and Du Bois 
in greatly enlarged duct cells of the submaxillary and parotid glands 
in a case of keratomalacia is of considerable interest because the 
inclusions aSord another kind of cellular response which is common 
to guinea pigs and humans. A comparison of two photomicrographs 
by Wilson and Du Bois (Figs. 2 and 3 with my photomicrographs 
(Figs. 10 and ii) shows that the similarity, not only in the cyto- 
plasmic inclusions, but also in the nuclear ones and indeed in all 
other visible cellular attributes, amounts almost to identity. Study 
of the actual preparations side by side was made possible by the 
kindness of Dr. S. B. Wolbach in sending three specimens which 
form part of the material which will constitute the basis of a report 
from the department of pathology of the Harvard Medical School. 
The first specimen is of the submaxillary gland from the case de- 
scribed by Wilson and Du Bois (A-100.9) ; the second of a parotid 
gland from a Children’s Hospital autopsy (A-24-28) and the third 
of a lung from the case described by Goodpasture and Talbot.® 
In the first two specimens I found cytoplasmic inclusions indis- 
tinguishable from those in guinea pigs. Rather less distinct cyto- 
plasmic structures were observed in the third preparation of the 
lungs. But it is probable that identical cytoplasmic inclusions oc- 
curred in the lungs also, because Goodpasture and Talbot refer to 
the existence in them of cytoplasmic bodies similar to those reported 
in the guinea pig’s submaxillary gland. 

It is probable that others before Goodpasture and Talbot, notably 
Jesionek and Kiolemenoglou have observed the coexistence of 
nuclear and cytoplasmic inclusions in human salivary glands. The 
available evidence is, however, against the possibility that vitamine 
A deficiency is the causative factor in their production, which is sug- 
gested by their abundance in the case of keratomalacia, for the 
changes which result from experimental vitamine A deficiency have 
been carefuUy investigated by Wolbach and Howe,^^ and others, 
without bringing to light any inclusions, either nuclear or cyto- 
plasmic. Far more likely is it that the inclusions in humans, as in 
guinea pigs, are caused by the action of a virus. The fact that the 
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question of the relative availability of material for the building up 
of the inclusions. Such material may not be present in sufficient 
amounts to form cytoplasmic inciusions in the large mononudear, 
endothelial and other cells which habitually develop only intranu- 
clear indusions. Or again, it may be a case of the greater retention 
in the duct cells of material more rapidly removed from the other 
cells. Certain it is that the development of cytoplasmic indusions 
in the duct cells of the submaxillary glands and their- absence in 
other kinds of cells affected by the virus is but one of many funda- 
mental differences in response. A second is the great hypertrophy 
of the duct cells and a third is their death and retention in the tis- 
sues without essential modification for months, perhaps for years, 
whereas the other kinds of cells are enlarged but little and are soon 
removed by phagocytic action. Persistence of the virus is provided 
for by cells which carry cytoplasmic indusions in addition to nu- 
clear ones. 

Comparing now these cytoplasmic inclusions -with other cyto- 
plasmic inclusions described in the literature as caused by other 
kinds of viruses, we find no possibility of confusion. Like cyto- 
plasmic inclusions in general as discussed by Cowdry^® they are 
rather resistant to solvents contained in fixatives so that no special 
technique is required for their demonstration. They are basophilic 
like some of the inclusions in infectious myxomatosis of rabbits and 
trachoma bodies, but here the similarity ends owing to their dis- 
tinctive morphology. Each indusion is made up of many fine par- 
tides, as is the case in birdpox; but in the submaxiUary disease the 
lipoidal component is wanting. From typical large Negri bodies 
they are easily distinguished by the absence of any acidophilic 
material. Finally it may be said that the submaxiUary cytoplasmic 
indusions are not made up of the heterogeneous material which is 
typical of Guamieri bodies; but like the Guarnieri bodies (Cowdry,^^ 
Fig. 37) they are of such firm conastency that they indent the nudei 
when in contact with them. 

The submaxUlary virus is rightly grouped -with viruses like those 
of herpes, chickenpox, Borna disease and other conditions which are 
characterized only by the formation of intranudear indusions. 
The cytoplasmic indusions described in this paper are not so in- 
separable from the action of the virus as to justify the redassifica- 
tion of the virus with those of variola and paravacdnia which con- 
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same duct cells of the same glands are affected, and, further that 
they are altered, as far as we can tell in precisely the same way, 
indicates that the guinea pig and human viruses are very similar, if 
they are not one and the same. We have other instances of in- 
dividual viruses which can be induced to bring about similar cel- 
lular modifications in the cells of humans and guinea pigs (herpes, 
vaccinia, rabies, etc.,) but none are recognized which do so naturally 
in a spontaneous way. 


Results 

The cytoplasmic inclusions which are developed in the duct cells 
of the submaxillary glands of guinea pigs as a result of the action of 
the submaxillary virus are formed later than are the nuclear inclu- 
sions. They are also more restricted in distribution, having been 
found only in the ducts of the mucous and serous portions of the 
submaxillary, occasionally in the acini and in the ducts of the par- 
otid; whereas the intranuclear inclusions may in addition be pro- 
duced in endothehal cells, fibroblasts, smooth muscle cells and mono- 
nuclear leucocytes. The cytoplasmic inclusions are spherical or 
oval structures which vary in size from a fraction of a micron up to 
6 to 8 microns in diameter. In the fuUy developed state the average 
inclusion is about 3 microns in its long axis. The inclusions are 
made up of many much smaller individual particles which are 
densely packed together. Like the cytoplasmic inclusions in other 
virus diseases, these inclusions are characterized by their relative 
insolubihty in ordinary fixatives. They are basoplnhc in reaction 
and do not contain fat or lipoid in detectable amounts. They are, 
moreover, indistinguishable from certain cytoplasmic inclusions of 
rare occurrence in human submaxillary glands. 
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Fig. 8. An inclusion-laden ceU of an intercalated duct from the submaxillary 
gland of an adult guinea pig. Note the particularly large and well developed 
cytoplasmic inclusions. The affected cell has completely plugged the in- 
tercalated duct. Giemsa’s stain, x 2000. 

Fig. 9. An affected cell found in the duct of the minor sublingual gland of an 
adult guinea pig. A cytoplasmic inclusion may be seen adjacent to the 
nucleus. Hematoxylin and eosin. x 1500. 



INCLUSIONS PRODUCED BY SUBMAXILLARY VIRUS 


273 


DESCRIPTION OF PLATES 


Plate 62 

All of these figures were originallj’^ drawn in colors with the aid of a camera 

lucida. They have been reduced to black and white by photography. 

Fig. I. An indusion-laden cell from the secretory duct of the submaxillary 
gland of an adult guinea pig. The Macallum test for potassium revealed 
deposits localized in areas which correspond topographically to those oc- 
cupied by the cytoplasmic inclusions (compare with Fig. 8). Potassium 
deposits are black in the figure. Two adjacent normal cells are represented 
above the ceU containing the nuclear inclusion, x 2000. 

Fig. 2. An affected cell from the submaxillary gland of an adult guinea pig. 
The gland was fixed in Regaud’s fluid and stained with anilin acid fuchsin 
and methyl green to reveal mitochondria, which appear as black, straight' 
and slightly curved rods. The normal secretory duct cells have abundant 
mitochondria, whereas the inclusion-laden cell shows a complete absence 
of these cytoplasmic bodies, x 2000. 

Figs. 3 and 4. Affected cells from the submaxillary gland of an adult guinea 
pig. The Feulgen reaction for thymonudeic acid has been applied to these 
cells. In Fig. 3 the intranudear inclusion stains but faintly, which is in con- 
trast to the strongly positive partides of chromatin adhering to it. A cyto- 
plasmic indusion is shown slightly tinged in the upper portion of the ceU. 
In Fig. 4 the nudear indusion is but faintly tinged with the dye as is the 
group of cytoplasmic indusions. The nudei of normal adjacent secretory 
duct cells give a strongly positive reaction as can be seen in the figures. 
X 2000. 

Figs. 5 and 6. Indusion-bearing acinar cells of the submaxillary gland of an 
adult guinea pig. The degree of nudear hypertrophy is not so marked as 
is that of the secretory duct cells. In Fig. 5 the cell shows a strongly 
b^ophilic reaction of the cytoplasm but no visible cytoplasmic indusions. 
Giemsa’s stain, x 1500. 

Fig. 7. A binudeate fibroblast, each nucleus of which contains an indusion 
f cytoplasmic indusions present. Taken from a section 

of the submaxillary gland of an adult guinea pig. Giemsa’s stain, x 2000. 
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All of these figures are photomicrographs taken by jSIr. Louis Schmidt of 

the Rockefeller Institute at a magnification of 2000 diameters from prepara- 
tions fixed in Zenker’s fluid and colored by Giemsa’s stain. 

Fig. 10. Shows two cells containing both cytoplasmic and nuclear inclusions 
on opposite sides of a secretory duct. 

Fig. II. Represents a single cell laden with both types of inclusions. The 
cytoplasmic inclusions exercise pressure on the nuclear membrane and 
indent it. 

Fig. 12. Shows a duct almost completely blocked with a greatly hypertrophied 
cell containing a large intranuclear inclusion. Cytoplasmic inclusions are 
not visible. The unenlarged duct cells are severely injured, particularly to 
the left. 

Fig. 13. Represents likewise an enlarged cell possessed of a distinct nuclear 
inclusion but no cytoplasmic ones. The condition is unusual because the 
cell does not bulge into the lumen. 

Fig. 14. Illustrates a very degenerated cell bordering the lumen in which 
neither nuclear nor cytoplasmic inclusions can be clearly distinguished. 

Fig. 15. Shows an inclusion-bearing cell which has been cast oil into the lumen. 
A single spherical cytoplasmic inclusion can be seen in the concavity of the 
nucleus. 
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largely from dealers in Maryland and Pennsylvania. All animals 
were examined on admission and were found to be clinically nega- 
tive as regards thyroid enlargement. 

All of the animals used in the experiments described below were 
of known stodc and age. The animals in each experimental and con- 
trol group were of the same age and the groups were so arranged 
that the number of males and females was the same in each group. 
Because of this uniformity of experimental material, absolute 
thyroid gland weights are given throughout, instead of thyroid 
gland, body weight ratios. 


Experimental 

Experiment No. i: In view of the extensive work of McCarrison ^ 
and others on the relationship of food contamination to the etiology 
of goiter, an attempt was made to determine whether or not this 
factor played any part in the present epidemic. Accordingly, a 
special system of caging was instituted with the idea of removing, 
as far as possible, the factor of fecal contamination of the food. 
These cages were of metal and measured 61 by 46 by 31 cm. The 
top and front were of wire mesh. The bottom consisted of a re- 
movable metal pan over which was placed a grid of coarse "vvire 
mesh. Through this grid the urine and feces dropped to the pan be- 
low. The pans were so arranged that they drained into a central 
drainage system. In this way, the bottom of the cage, on which the 
animal rests, was always clean and dry. At frequent intervals the 
rabbits were removed and the interior of the cages was washed by 
means of a hose. Food was placed in glazed earthenware cups, 3 
inches high. These cages were placed in a well ventilated, well 
lighted part of the animal room. By this manner of caging, fecal 
and urinary contamination of the food was almost entirely elimi- 
nated. 

Five litters, consisting of thirty-two rabbits of approximately 
the same age, were used for this experiment. Sixteen rabbits were 
placed in the special cages described above. The remainder were 
housed in standard cages and were intended to serve as a control 
series. The litters were divided into approximately equal parts. 
The diet in both instances was identical, the standard laboratory 
diet being used. The mortality from intercurrent infections was 
high during the course of this experiment. At the end of approxi 
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Introduction 

In a previous communication ^ we have reported the occurrence 
of goiter in a colony of rabbits maintained upon a diet consisting 
almost exclusively of cabbage. The condition was identified as 
simple or endemic goiter. The microscopic picture usually presented 
was that of the typical stntma diffusa parenchymatosa. In view of 
the multiplicity of etiological factors with which simple goiter is 
commonly accredited, it was considered advisable to attempt to 
rule out some of these as contributory factors in the present epi- 
demic. This communication deals with a series of experiments 
which were carried out in an effort to determine whether or not the 
cabbage diet was the sole etiological factor in this instance and, if 
not, what r61e certain other factors played in the production of 
goiter. Since goiter occurred with great regularity in all stock rab- 
bits kept under standard conditions in our laboratory, it is con- 
sidered advisable to .describe these standard conditions briefly. 

The rabbits were housed in quarters on the eighth floor of the 
dispensary building of the Johns Hopkins Hospital. The room is 
well ventilated and well lighted, having a southern and eastern ex- 
posure. The cages are supported on metal racks, three tiers high 
with ample ventilation space between individual cages. The stand- 
ard cage is of metal and measures 45 by 30 by 30 cm. The front 
and top are made of wire mesh. The bottom of the cage is covered 
with shavings which are changed once or twice weekly. The stand- 
ard diet consists of a daily ration of approximately 250 gm. of cab- 
bage and a weekly ration of approximately 20 gm. of hay and 50 
gm. of oats. The cabbage was procured from various regions in the 
Eastern United States, ranging between Florida and New York 
state vnth the season. Water was not given on the standard diet. 
No special breed of rabbits was used, the stock being procured 
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mately three hundred and forty days, the animals still living were- 
sacrificed and autopsied. Table I shows the results of the above 
experiment. 

It will be observed from an inspection of Table I, that goiter de- 
veloped in the animals kept in the special cages where fecal and 
urinary contamination was reduced to a minimum (Group i), as 
readily as in the animals kept in cages where there was abundant 
opportunity for fecal and urinary contamination. The average 
weight of the thyroid glands at the termination of the experiment 
was 2.83 gm. for the group housed in the special cages, and 2.70 
gm. for those housed under standard laboratory conditions. 

Experiment No. 2: Since water has been associated with the 
etiology of simple goiter by all peoples from the remotest times ® it 
was considered advisable to determine whether or not the absence 
of water was a factor in the present epidemic, and at the same time 
to find out if the traces of iodine contained in Baltimore city tap 
water * were sufficient to protect the animals against a powerful 
goitrogenic influence such as we were dealing with in this instance. 
Thirty rabbits of approximately the same age and from the same 
source were divided into three equal groups. All were placed on the 
standard cabbage diet and were housed under the standard labora- 
tory conditions. Group i was constantly supplied mth freshly 
distilled water in glazed earthenware containers. Group 2 was 
similarly supplied with Baltimore city tap water. Group 3 served 
as a control series and was given no water to drink. At the end of 
one hundred and twenty-five days all the animals were sacrificed 
and autopsied. Table II shows the results of this experiment. 

This experiment was terminated at an earlier date than in the 
case of the preceding one, hence the thyroid weights were smaller. 
Previous experience had shown that time is an important factor m 
the development of the larger goiters in rabbits maintained on the 
goiter-producing diet. The table shows that the average weight of 
the thyroid gland in Group i (which received distilled water) was 
0.57 gm., while the average weight in Group 2 (which received tap 
water) was 0.53 gm. In the control series the average weight of the 
thyroid gland was 0.67 gm. Microscopic sections of the thyroid 
glands of aU animals sacrificed at the termination of the experiment 
showed varjdng degrees of hyperplasia. 

* Two parts per billion, as estimated in laboratories of City Water Departmen 
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Experiment No. 3: An attempt was made to demonstrate the ef- 
fect of iodine prophylaxis against an active goitrogenic agent such 
as the cabbage diet. Four litters consisting of sixteen rabbits, were 
divided into two equal groups containing representatives of each 
litter. These animals were all placed in standard cages and main- 
tained on the standard cabbage diet. Group A received 7.5 mg. of 
iodine per week by mouth. Group B served as a control series and 
received no iodine. At the end of approximately four hundred days, 
all of the surviving animals of Group B had visible and readily 
palpable goiters, while in none of the Group A animals could the 
thyroid gland be felt at this period. The rabbits were then sacri- 
ficed and autopsied. Table III shows the results of this experiment. 

Here it can be seen that all of the animals in Group A had thyroid 
glands which were within the normal weight range (average 0.25 
gm.), while all those in Group B had moderate-sized goiters, the 
average thyroid gland weighing 2.3 gm. 

During the course of the above experiments, several striking 
aspects of the disease manifested themselves. There was consider- 
able individual susceptibility on the part of certain animals toward 
the goitrogenic agent. Thus, in Table III, Group B, one sees that 
rabbit No. 2029 had a thyroid gland which weighed 7.3 gm. while 
numbers 2028, 2030 and 2031, which were from the same litter 
and were kept under identical conditions, had thyroid glands 
weighing 1.8, 1.4 and 1.4 gm. respectively. This same variation 
may be noted in many of the other tables. A marked seasonal 
variation was also noted. In animals brought into the laboratory in 
the late autumn or winter, clinically detectable goiters developed 
much more quickly than in those procured in the spring or summer 
months. Similarly, some of the large goiters tended to decrease in 
size slightly during the spring and summer. Throughout the present 
epidemic no greater incidence in females than in males has been 
noted. There is suggestive evidence that young rabbits are more 
susceptible to the goitrogenic influence than adult ones. No varia- 
tion in the incidence of goiter has been noted among the different 
breeds of rabbits. 
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Discussion 

The experiments outlined above appear to indicate that the 
major etiological factor in the epidemic of simple goiter under in- 
vestigation, is a nutritional one. The cabbage diet, on which the 
animals were maintained, apparently exerted a very active goitro- 
genic influence. 

These experiments are not in accord with the extensive inves- 
tigations of McCarrison,^ in which he attempted to show that 
unhygienic surroundings and fecal contamination of food were im- 
portant causative factors in endemic and experimental goiter. In 
Experiment No. i there was no greater tendency to thyroid hyper- 
plasia when the animals were kept under conditions permitting easy 
contamination of food than when they were maintained in the special 
cages under the best possible conditions. 

Drinking water has been associated with the etiology of simple 
goiter by countless writers on the subject.® In this instance, since 
goiter occurred when the animals were given no water to drink, one 
might conceive of the goitrogenic factor as being due to the absence, 
rather than the presence of, some water-borne substance. Experi- 
ment No. 2, however, shows that the addition of either tap or dis- 
tilled water to the diet has little or no effect on the goitrogenic 
factor. The slightly lower level of the average thyroid gland weights 
of the groups receiving water (0.57 and 0.53), as compared with 
those of the control group (0.67), is well within the range of ac- 
curacy of such a method of observation. The amount of iodine or 
other inorganic substances in the tap water of Baltimore city ap- 
parently is not sufficient to cause any detectable effect different 
from that given by distilled water. 

As Marine has repeatedly shown, iodine in sufficient quantities 
will protect against all known goitrogenic agents. Experiment 
No. 3 shows clearly that 7.5 mg. of iodine per week was sufficient to 
afford the animals complete protection for a period of over one year. 
It is probable that much smaller amounts would have sufficed. The 
traces of iodine contained in the drinking water exerted no demon- 
strable effect. The exact amount necessary to protect lies some- 
where between those two extremes. 

The experiments outlined above appear to rule out fecal and 
urinary contamination of food, and deficiency in water-borne sub- 
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more active in winter than in the summer months. This goiter- 
producing factor appears to be a nutritional one and may act 
through the oxidation-reduction systems of the body. 
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stances as accessory factors in the etiology of the present epidemic 
of simple goiter. It would appear that the cabbage diet on which 
the animals were maintained contains some powerful goitrogenic 
agent. Further, our experience has been that there is considerable 
seasonal variation in the incidence of goiter in these animals. This 
could be due to seasonal increase in the goitrogenic factor or to 
variation in the animals’ susceptibility at certain time periods. The 
extreme variation in susceptibility of individual animals from the 
same litter is of great interest. One has to presuppose a so-called 
“constitutional factor” here which may conceivably operate 
through other endocrine glands and exert a protective influence, in 
certain instances, against the goitrogenic agent. 

Since the above experiments were concluded. Marine, Baumann 
and Cipra ^ have added considerable light to our knowledge of cab- 
bage as a goitrogenic agent. They have confirmed our observation 
that a cabbage diet will produce thyroid hyperplasia in rabbits, and 
have further shown that other members of the Brassica group will 
also produce goiter. They have suggested that cabbage acts as a 
goitrogenic agent by depleting the thyroxin store in the thyroid, 
thus producing a relative iodine insufficiency in the animal, which 
in turn causes hyperplasia of the thyroid gland. Marine’s sug- 
gestion that this is brought about by some powerful reducing sub- 
stance contained in the cabbage seems probable, and offers a pos- 
sible explanation of many of the hitherto seemingly unrelated 
etiological factors of simple goiter. 

Summary 

Further investigations into the etiological factors involved in an 
epidemic of simple goiter in rabbits are reported. A diet which con- 
sists almost exclusively of cabbage appears to be the major etiolo- 
gical factor. Fecal and urinary contamination of food seemingly 
play no role in the present epidemic. The addition of water (either 
tap or distilled) to the diet exerts no appreciable protective in- 
fluence against the goitrogenic agent. Iodine, administered orally 
in quantities of 7.5 mg. per week will completely protect the animal 
against the goiter-producing factor. There is no evidence that the 
minute traces of iodine contained in Baltimore city tap water exert 
any detectable protective influence. The goitrogenic agent is much 
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interpreted this as chronic parenchymatous nephritis. Kleine ^ in 
a recent article described a large white kidney with narrow obscure 
cortex in a multiple myeloma. He found a marked nephrosis with 
lamellated casts in the intact tubules and syncytial giant cells at 
their peripher3^ These casts were digested by trypsin, were insoluble 
in alcohol, water and weak acid, and dissolved with antiformin. 
He interpreted the lesions as parenchymatous and interstitial 
nephritis. Bannick and Greene » reported in considerable detail 
the clinical histories of thirteen instances of Bence-Jones albumo- 
suria, associated with renal insufficiency. There was marked second- 
ary anemia, non-protein nitrogen retention, low specific gravity of 
the urine with no hematuria and usually -without hypertension or 
retinitis. Although they did not report any autopsy findings, they 
believed the condition was associated -with extensive tubular 
destruction vath subsequent fibrosis or pyelonephritis. Arteri- 
osclerosis and hypertension occurred in some instances. 

Case i. 

Clinical Eislory: H. A., age 43 years, -was admitted to the medical service of 
Montefiore Hospital on March 19, 1929 with the complaints of pain in the 
chest, cough and loss of weight of six months duration. The present illness be- 
gan six months ago with knife-like pains in the left lower chest radiating to the 
back and neck. The pain increased on exertion. During the last few weeks he 
had had weakness, dizziness on exertion, anorexia, constipation and, during 
the last four days, vomiting. The patient was well built. His skin had a waxy 
pallor. Tender areas were felt over the sixth and seventh ribs on the anterior 
chest wall. There was a short systolic apical murmur with no enlargement of 
the heart. The blood pressure w'as 130 / 80. Examination of the lungs, abdomen 
and extremities revealed no abnormalities. Rectal examination showed a small 
prostate free of nodules. 

Laboralory Data: Blood Wassermann was negative. Urea nitrogen 64, 
creatinin 5.5, calcium 14.6, phosphorus 6.2, basal metabolism rate minus 25 per 
cent. Examination of blood on March 21st: red blood cells 2,360,000, hemo- 
globin 48 per cent (Dare), white blood cells 6,400, polymorphonuclears 62 per 
cent. May 2nd; red blood cells 1,150,000, hemoglobin 15 percent. 

The urine contained large amounts of albumin and of Bence-Jones albiunose. 
The sediment contained granular casts and white blood cells. Concentration 
(dry) showed a specific gravity of ion, 1010, ion. Roentgen-ray examination 
revealed numerous areas of rarefaction in the skull, ribs, seventh dorsal verte- 
bra and pelvis. 

Clinical Diagnosis: Multiple myeloma with Bence-Jones proteinuria and 
nephrosis. The patient received a series of five X-ray treatments. Two months 
after admission, hemorrhages from the gums and in the eye-grounds were noted. 
The patient became progressively weaker, developed twitching movements, 
uremic manifestations, and died. 



NEPHROSIS IN MULTIPLE MYELOIHA* 

David Perla, M.D. and Ladrence Hdtner, M.D. 

{From the Laboratories of the Montefiore Hospital, New York City) 

Although the association of pathological changes in the kidney 
with multiple myeloma has long been recognized, the exact nature 
of these changes has not been sufficiently emphasized. In the two 
instances of multiple myeloma reported in the present communica- 
tion, a severe nephrosis complicated the disease. 

In a careful survey of the literature by Wallgren,^ and Geschickter 
and Copeland ^ an attempt was made to study the kidney lesions. 
Of the vast number of communications on the subject of multiple 
myeloma, descriptions of the morphology of the kidney were found 
in less than 20 per cent of the instances. In most of these the de- 
scriptions were inadequate. Since the more recent knowledge of the 
nephroses was entirely unknown to the earUer pathologists, it is rea- 
sonable to assume that its appearance was often overlooked or cer- 
tainly misinterpreted. From the description in the case reports of 
Scheele and Herxheimer,® Austin^ and Beck and McCleary,® a 
marked destruction of tubules was noted with secondary interstitial 
changes. Thannhauser and Krauss® in 1921 report in considerable 
detail changes in the kidney indicative of a nephrosis. The kidneys 
were small and white. Microscopically they showed a diffuse, severe 
degenerative change of the entire tubular system with very httle 
involvement of the glomeruli. The tubules were replaced by a richly 
cellular connective tissue. In addition there were small foci of lym- 
phocytes. In some areas tubules were recognizable but showed de- 
generative changes. Peculiar lamellated casts were seen in the lumina 
of the intact tubules. On the outer layer were occasional foreign body 
giant cells. Thannhauser and Krauss believe these structures are 
concretions of serum protein and Bence-Jones albumose. Chnically, 
the patient had had evidence of nephrosis. This is the first instance 
of a pure nephrons in multiple myeloma noted in the hterature. 

McConnell ' in a report of an instance of multiple myeloma de- 
scribes extensive tubular destruction in the kidneys with hyahnized 
glomeruli as well as calcification in the tubules. He erroneously 

* Received for publication January i8, 1930. 
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Bones: The ribs were extremely brittle, moderate pressure from 
without causing fracture of most of them. In places they presented 
fusiform swellings. In these areas, the cortex was reduced to a thin 
shell and was readily broken. The underlying marrow was grayish 
red in color, somewhat firmer than normal and rubbery in con- 
sistency. The medullary tissue in the lumbar vertebrae was ir- 
regularly grayish red in color and presented moderately firm gra3dsh 
areas similar to those in the ribs. The medullary tissue in the shaft 
of the right femur likewise contained firm rubbery grayish pink 
tissue. The cortex, however, was of the usual thickness. 

Microscopic Examination 

Heart: In the heart there are areas of atrophy. Many of the 
fibers contain fine fat droplets which stand out readily when stained 
with Sudan III. 

Liver: There is slight central fibrosis of the lobules of the liver 
and brownish pigmentation about the nuclei of the cells. Many of 
the sinusoids contain large vesicular cells similar to those seen in 
the section of bone marrow. 

Spleen: The follicles of the spleen are few and small. There are 
large amounts of blood pigment throughout the pulp, some free in 
the interstitial tissue and some in the endothelial cells. In the sinuses 
of the pulp are seen many cells of the type described in the bone 
marrow. A moderate amount of congestion is present. 

Kidneys: The glomeruli of the kidneys are for the most part in- 
tact. Some, however, show thickening and dilatation of the capillary 
loops and a diminution in the number of endothelial elements. In 
some places they are somewhat smaller than normal. The con- 
voluted and collecting tubules show considerable change. In the 
cortex the tubules are dilated and filled with light pink-staining 
material (Fig. i). In the medulla the tubules show extensive de- 
generative changes. In many places the epithelium is desquamated. 
The nuclear elements are faintly staining. The interstitial tissue is 
markedly increased. There are areas where the tubular elements 
are completely destroyed and replaced by a few scattered cells, ap- 
parently remnants of tubules and hyalinized edematous connective 
tissue (Fig. 3). Ever3nvhere the tubules that are intact contain 
pink-staining material. In a few areas in the medulla the tubules 
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Autopsy Report 

Anatomical Diagnoses: The anatomical diagnoses were: Multiple 
myeloma involving ribs, vertebrae, femora, ossa innominata, liver 
and spleen; chronic nephrosis with contraction of the kidneys; fatty 
metamorphosis of the heart; parenchymatous degeneration of the 
viscera; acute splenic tumor; edema of the lungs; localized fibrinous 
pericarditis, and subendocardial ecchymosis. 

Skin: The skin had a brownish tint and there was very marked 
pallor of the mucous membranes. 

Heart: The heart weighed 350 gm. There was a moderate dilata- 
tion of the chambers. The epicardial surface of the right auricle pre- 
sented a large area of ecchymosis. The musculature was flabby, and 
a pale brownish yellow. There was tigering of the papillary muscles 
on both sides. The valves showed no abnormalities except for 
several fine fihform gray vegetations on the posterior aortic cusp. 
There was difiuse ecchymosis beneath the endocardium in the right 
auricle. The coronaries were soft and patent throughout and free 
of atheromatous change. 

Limgs: The lungs were edematous. The pleura over the right 
lower lobe presented a dull fibrinous exudate. 

Liver: The liver weighed 1600 gm. It was soft and flabby in con- 
sistency. Cut surface was brownish in color and the lobules were 
indistinct. Scattered throughout the fiver was seen an occasional 
pin-head sized, grayish dot. 

Spleen: The spleen weighed no gm. It was very soft and flabby. 
Its cut surface was brick red in color and there were numerous 
small petechial hemorrhages within the pulp. The corpuscles were 
not clearly visible. The pulp was mushy in consistency and scraped 
away readily on the knife. 

Kidneys: The kidneys together weighed 220 gm. and each meas- 
ured 10 by 6 by 3 cm. The capsule stripped readily. The cortical 
surface was extremely pale and had a yellowish color. The stellate 
veins were prominent. The organs were extremely soft and flabby 
and the cut surface was very pale. The cortex was everywhere nar- 
row and varied from 2 to 4 mm. in thickness. The medulla measured 
15 mm. in thickness and was differentiated from the cortex with 
difficulty. The cortical markings were almost completely obscured. 
Pelves and ureters showed no abnormalities. 
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at the apex, but the heart was not enlarged. The blood pressure was 135/75. 
There was kyphosis of the dorsal, and part of the lumbar spine with tenderness 
over the lower vertebrae. X-ray of the skull showed numerous punched out 
areas of rarefaction. Areas of rarefaction were found in lumbar vertebrae, 
pelvic bones, upper halves of the femora, the ribs, clavicles, scapulae and upper 
halves of the humera. The red blood cell count was 1,220,000, hemoglobm 20 
per cent, white blood cell 7,800. Blood urea 52.2, creatinin 5.1. Wassermann 
negative. The urme had a specific gravity of 1012, and contained large quanti- 
ties of albumin but no Bence-Jones albumose. The sediment contained some 
pus cells but no casts. Five days after admission the patient died with signs of 
a terminal pneumonia. 


Autopsy Report 

Anatomical Diagnoses: The anatomical diagnoses were: Multiple 
myeloma involving the ribs, spine and innominate bones; chronic 
nephrosis with contraction of the kidneys; fatty metamorphosis of 
the heart; cholelithiasis; prostatic hypertrophy; dilatation and 
hypertrophy of the bladder; polyps of the colon. 

The body was that of an emaciated elderly man with a peculiar 
waxy pallor of the skin and mucous membranes. The upper part of 
the chest was flattened. The lower part bulged anteriorly and 
laterally. The ribs were very brittle and fractured readily on 
pressure. 

Heart: The heart weighed 230 gm. The myocardium was pale 
and flabby and small pin-head yellow patches were scattered 
throughout. The chambers were of normal size. The endocardium 
and valves showed no abnormalities. 

Lungs: The pleura were smooth and ghstening except for fibrous 
tags at the bases. The upper and middle lobes were soft and crepi- 
tant. Both lower lobes were firm, airless, and on section had a dark 
red meaty appearance. From the lower lobes, dirty red fluid could 
be expressed from the cut surface. Bronchial mucosa and vessels 
showed no abnormalities. 

Gall Bladder: The gall bladder was thin-walled and contained 
numerous pyramidal facetted black and yellow stones. Stones 
were found in the hepatic and cystic ducts but the common duct 
was patent. 

Spleen: The spleen weighed 210 gm. and measured 14 by 7 by 3 
cm. It was large and soft and on section rust brown in color. The 
corpuscles were not seen. The trabeculae were thin and delicate. 
Pulp scraped with difficulty. No tumor nodules were present. 
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contain calcified masses (Fig. 2), and occasionally one finds in the 
lumen of some of the tubules some lamellated pink.-staining material 
resembling concretions. The interstitial tissue throughout appears 
to be very cellular. On doser observation the cellular appearance 
is due to an increase in connective tissue elements 'although in some 
areas there are collections of lymphocytes. There is evidence of 
shght arteriolosclerosis with thickening of the smaller vessels and 
connective tissue replacement of an occasional glomerulus. The 
chief lesion seems to have affected the tubular elements of the kidney 
and apparently is a very severe nephrosis. 

Fat stain shows a considerable number of fine fat droplets in the 
epithelium of the convoluted and collecting tubules. 

Bone M arrow: The bone marrow from the femur shows extensive 
hemorrhage. The normal bone marrow tissue is replaced by large 
masses of densely packed cells. These cells are round, polygonal 
and oval in shape. The cytoplasm for the most part is indistinct. 
The nuclei are large, round and vesicular. Some are slightly com- 
pressed and spindle-shaped. The chromatin network is prominent 
and many nuclei contain definite nudeoli. Some are small and 
pyknotic. The cytoplasm of these cells is somewhat pinker than 
that of the others. Occasionally large bone marrow giant cells are 
seen. In addition to these, occasional prominent multinuclear 
giant cells are seen with considerable pink-staining cytoplasm and 
three or four oval, prominent nuclei. The capillaries are engorged. 
Some of the tumor nodules appear to have an irregular fibrous tissue 
capsule about them but not completely endrcling the nodules. The 
oxidase reaction is negative. 


Case 2. 

Clinical History: H. S., age 71 years, was admitted to the medical service 
Aug.^ II, 1929, complaining of pain in the lower spine, right shoulder, left chest, 
and inability to walk. Six months prior to admission, the patient w'as struck on 
the chest and developed a severe cough with bloody expectoration. On the fol- 
lowing day he had severe pain in the lower spine and extremities and was forced 
to remain in bed for several iveeks. The pain had persisted until the time of 
admission and during the last three daj^s he had suffered knife-like localised 
constant pain in the shoulder and left chest. PoljTiria and hesitancy were 
present for some weeks, though no dysuria. For several months he complained 
of weakness, dyspnea on slight exertion, orthopnea, cough and expectoration. 

On e.tamination^ he was pale and emaciated. His respirations ivere rapid, 
ver the right clavicle near the sternal border ivas a rather soft small protruding 
tender mass. His ribs were tender to percussion. A systolic murmur was heard 
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size, closely packed with round, somewhat vesicular nuclei and 
prominent nucleoli. Cytoplasm is slightly pink-staining and forms 
a syncytial mass with the surrounding cells. 

Sections through the long bones show similar tumor mass.es in 
the bone marrow. In places the cells are polyhedral in shape. 
Mitotic figures are not prominent. In many of the cells the chro- 
matin content is arranged about the periphery of the nucleus in 
cartwheel fashion. Apparently this appears to be a plasmocytoma. 

Kidneys: The kidney has a very striking appearance (Figs. 4 and 
5). There is an enormous increase in the interstitial connective 
tissue in the cortex, with marked destruction, atrophy and replace- 
ment of the tubular elements. The glomeruli show only an oc- 
casional atrophic cliange with hyalinization and thickening of Bow- 
man’s capsule. The glomeruli are otherwise intact. The capillaries 
of some of the tufts are congested. The tubules are strikingly 
atrophic and large areas are destroyed and replaced by what ap- 
pears to be a densely cellular fibrous connective tissue. In addition 
there are small clumps of lymphocytes throughout the cortex. In 
areas the intact tubules are markedly dilated and filled with pink- 
staining material that has in places a lamellated structure. The 
central core is somewhat more pink-staining than the periphery. 
In the medulla many of the tubules show degenerative changes 
(Fig. 5). There is some increase in the interstitial tissue and many 
of the tubules are filled wth pink-staining masses. Several of the 
tubules in the meduUa contain masses of calcium in the lumina and 
in other places the lining epithelium contains calcium salts. The 
arterioles of the kidney show some thickening, and in areas, ob- 
literation. 

The picture in the kidney is that of very marked chronic neph- 
rosis with extreme interstitial changes and shrinkage of the kidney. 
There is a concomitant arteriolosclerosis of mild degree. The 
glomeruli are only slightly affected. Calcification in some of the 
tubules of the meduUa is present. The failure to find Bence-Jones 
protein in the urine is of no great significance as the patient was un- 
der observation for a week only, and it is well known that in the late 
stages of myeloma the Bence-Jones albumosuria may disappear. 
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Kidneys: The kidneys were small. Each weighed loo gm. They 
were soft and yellowish in color. The capsules stripped easily, 
leaving a smooth surface. On section, the normal architecture was 
obscured and the surface had a homogeneous waxy appearance. 
The cortex was markedly narrowed, measuring 3 mm. in its widest 
portion. The pelvis of one kidney showed numerous petechiae. 
Ureters were patent. 

Intestines: There were two small polyps in the lower part of the 
descending colon. 

Aorta: The aorta showed very few raised white and yellow circu- 
lar and oval atheromatous plaques and no ulceration, calcification 
or thrombi. 

Bmies: Several ribs were removed. The cortex was thinned out 
in areas. The marrow showed numerous grayish pink meaty 
nodules. Portions of the bodies of the lower lumbar vertebrae and 
of the left innominate bone showed extensive replacement of marrow 
by similar tumor tissue. The intervertebral discs were intact. The 
long bones were not removed. The brain and cord were not re- 
moved. The other organs showed no abnormalities. 

Microscopic Examination 

Lungs: There is edema and some emphysema in the lungs. 
Spleen: The spleen is moderately congested. Folhcles are not 
very prominent. A large amount of brownish pigment is present in 
the pulp tissue, primarily in the endothelial cells lining the sinuses. 
The arterioles show considerable thickening of the media and intima. 

Aorta: The aorta shows typical atherosclerotic changes of the 
intima with calcification in the media. 

Prostate: The prostate shows a variation in size of the glandular 
elements with increase in their number. 

Testes: The testes show a marked increase in the interstitial con- 
nective tissue with atrophy of some of the seminiferous tubules and 
practically complete absence of spermatogenesis and replacement 
of interstitial cells of Leydig with connective tissue. 

Thyroid: In the thyroid there is very marked calcification of the 
media of the arteries. Some atrophic changes in the lobules with an 
increase in the interstitial connective tissue are present. 

Bones: In a section of rib, the bone marrow to a large extent is 
replaced by a very cellular mass. These cells are small, uniform in 
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and Epstein^® both clinically and pathologically. In multiple 
myeloma there is true renal insufficiency characterized by a rise in 
the non-protein nitrogen of the blood, an inability to concentrate 
the urine with a corresponding low specific gravity. A large amount 
of protein is excreted in the urine (albumosuria and albuminuria), 
and the globulin-albumin ratio of the serum is reversed. Edema 
and hypertension are absent. Anatomically the nephrosis of mye- 
loma proceeds to the end-stage of marked contraction of the kidney, 
and this extensive destruction of the tubules with fibrosis accounts 
for these differences in the clinical picture. Since concentration of 
the urine is said to occur in the tubules and since the tubules are 
destroyed in large numbers, the concentrating power is necessarily 
diminished and the specific gravity is low. With the destruction of 
large numbers of renal elements in the end stage of the nephrosis, 
the kidney function is strikingly impaired and even uremic mani- 
festations may appear. 

What relation does the Bence-Jones protein bear to the changes 
in the structure and function of the kidney? Is it possible for this 
protein substance to pass out of the blood through the normal kid- 
ney or is a previous injury to the kidney a necessary antecedent? 
And what relation does the Bence-Jones albumosuria bear to the 
severe degenerative disease of the tubules? 

Anatomical kidney changes associated with Bence-Jones albu- 
mosuria are mentioned in most instances where the kidney patho- 
logy has been described in the literature. Of thirty instances with 
kidney lesions, about 65 per cent report positive Bence-Jones albu- 
mosuria. In about 25 per cent, Bence-Jones protein was not tested 
for, and in 10 per cent, no Bence-Jones protein was present. Of 
thirty-six instances where the kidney was described, thirty or 83 
per cent report kidney lesions. Of these instances, twenty-seven 
described changes which in part are those of arteriolosclerosis of the 
kidney. In eight instances calcification of the tubules was reported. 
In six instances, a nephrosis was observed. In three instances, the 
arteriolosclerotic changes were associated with nephrosis, and in 
three instances the arteriolosclerotic changes were associated with 
nephrosis and calcification. Of eight instances with no gross kidney 
lesions, three were said to have Bence-Jones albmnosuria, but in 
these cases there was no mention of the microscopic examination of 
the kidney. 
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Discussion 

In both instances, a nephrosis complicated the multiple myeloma. 
The nephrosis was characterized clinically by the presence of large 
amounts of albumin and Bence-Jones albumose (in one instance) in 
the urine, with a low specific gravity, a low concentrating capacity, 
a rise in the non-protein nitrogen of blood and little edema. The 
severe secondary anemia is probably due to the bone marrow disease. 

The changes in the kidneys in both instances reported were severe 
tubular destruction in the cortex and medulla with extensive re- 
placement by connective tissue, interstitial lymphocytic infiltra- 
tions, casts in the intact dilated convoluted tubules of the cortex, 
and calcification of an occasional tubule in the medulla. The glom- 
eruli showed slight hyalinization in some instances, but were for the 
most part anatomically intact. The picture was apparently that of 
a severe chronic nephrosis with evidence of secondary inflammation 
and fibrosis and contraction of the kidney. Since there is no certain 
microchemical method of detecting the presence of albumose in tis- 
sue sections, we were unable to determine whether the casts in the 
tubules contained albumose. 

Frederich Muller recommended the term nephrosis to indicate a 
primary degenerative disease of the tubules of the kidney. With 
the subsequent work of Aschoff and Volhard this disease entity 
was definitely separated from the so-called inflammatory diseases 
of the kidney. Etiologically true nephroses are produced experi- 
mentally in bichloride poisoning and in poisoning with chrome 
salts. Mild nephroses are observed in acute infectious diseases and 
occasionally in lues. The severest nephroses have been observed in 
patients in whom no etiological factor for the severe degenerative 
process could be determined. 

In the idiopathic lipoid nephrosis there is no loss of the ability of 
the kidney to concentrate the urine in the tubules since these re- 
main functionally active and the specific gravity is high. A large 
amount of protein is excreted in the urine, the globulin-albumin 
ratio of the serum is reversed and edema is prominent. Hyperten- 
sion is absent and there is no rise in the non-protein nitrogen. The 
usual course is relatively acute and the kidney may recover anato- 
mically. The chronic nephrosis of multiple myeloma differs from 
the idiopathic lipoid nephrosis first described by Muller, Volhard, 



296 


PEELA AND HUTNER 


Jones protein can pass through the normal kidney in man. Though 
Bence-Jones protein may not ordinarily pass through the normal 
kidney, it is possible that the accumulation of large amounts of this 
substance in the blood of patients may produce functional injury to 
the b'dney glomeruli and permit the excretion of the protein. On 
the other hand, since some arteriolosclerosis with glomerular injury 
is present in most individuals of the age group in which myeloma is 
found, it is possible that this degree of injury may be sufficient to 
allow of the excretion of Bence-Jones protein in the urine. 

It is conceivable that the constant excretion of Bence-Jones albu- 
mose through a kidney previously injured, and its acciuhulation in 
the tubules, may be responsible for the subsequent nephrosis oc- 
curring in certain instances of multiple myeloma. It is possible that 
some other factor is responsible for both the nephrosis and the Bence- 
Jones albumosuria, and that some metabolic disturbance analogous 
to that occurring in true idiopathic nephrosis may be present in 
multiple myeloma. 

Calcification observed in the kidney may be interpreted as part of 
the so-called metastatic deposits observed in diseases in which bone 
is extensively destroyed. Calcification of tissue in the kidney, the 
glandular mucosa of the stomach and the alveolar walls of the lungs 
was first noted by Bender in an instance of myeloma, and sub- 
sequently by Tschistowitscht and Kolessnikoff,^® by Froboese,^® 
by Morse, Thannhauser and Krauss® and by Charlton and 
Kleine.® The calcification may be due to a general disturbance in 
calcium metabolism with hypercalcemia. However, the injury to 
the tubules probably predisposes to its deposition in the kidney. 
In one of the cases reported in our paper, there was a hypercalcemia. 

Summary and Conclusions 

Two instances of multiple myeloma with severe nephrosis and 
shrinkage of the kidney are reported. A review of the literature re- 
veals several other similar instances. A study of the pathological 
changes of the kidneys in instances of multiple myeloma associated 
with Bence-Jones albumosuria is made. From this analysis it is 
concluded that the pathological changes found in the kidney of 
multiple myeloma consist of three distinct elements, no one of which 
is constantly present but all three of which may be present, (i) a- 
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In a few instances, inflammatory lesions were noted in the Iddney, 
but these were apparently complications such as pyelonephrosis or 
abscesses of the kidney. A true nephritis was described in only one 
instance, to the authors’ knowledge. There can be no doubt that 
many of the instances described as chronic interstitial nephritis and 
arteriolosclerosis are cases of chronic nephrosis with contraction of 
the kidney. However, the presence of some degree of vascular 
disease of the kidney in most individuals over 55 years of age may 
have masked the nephrosis in such cases. 

It is evident from this study that in almost every instance of 
multiple myeloma with Bence-Jones albumosuria there is present a 
disease of the kidneys which is obviously unrelated to the disease 
multiple myeloma per se, and unassociated with the nephrosis. The 
frequency of arteriolosclerosis of the kidney in the age group 50 to 
70 years suggests that this lesion is a purely accidental finding. 

Although it is possible that the Bence-Jones protein may pass 
through a normal kidney, proof of this fact cannot be obtained from 
the study of the pathology of the kidney in multiple myeloma. 
The evidence that Bence-Jones albumose can pass through a normal 
kidney is based on experiments in which Bence-Jones albumose 
was injected intravenously in rabbits and in dogs. It is well known 
that the injection of a foreign protein into an animal previously 
uninjected is followed by the appearance of that protein in the urine 
of the animal. It is argued by analogy that the Bence-Jones protein 
acts in the body as a foreign protein and is therefore eliminated in 
the normal kidney. Stokvis induced kidney changes in dogs fol- 
lowing the injection of Bence-Jones protein intravenously, and re- 
covered the Bence-Jones albumose in the urine. EUinger was un- 
able to confirm this finding. Von Decastello found that a previous 
injury to the kidney was essential in permitting the appearance of 
Bence-Jones albumose in the urine in dogs injected with Bence- 
Jones albumose. Krauss again succeeded in producing a nephrosis 
with Bence-Jones albumosuria in rabbits injected intravenously 
with Bence-Jones protein. However, he injected 1.25 gm. of Bence- 
Jones protein intravenously into himself, and w^as unable to recover 
Bence-Jones protein in the urine. When injected, however, into a 
patient with hemiplegia and evidence of arteriolosclerosis of the 
kidney, Bence-Jones protein w^as recovered in the urine. The ex- 
perimental evidence does not permit the conclusion that Bence- 
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DESCRIPTION OF PLATES 
Plate 64 

Fig. I. Section through cortex of kidney of Case i. Glomeruli intact, tubules 
dilated and filled with casts. Round cell infiltration of the interstitial 
tissue. 

Fig. 2. Section through medulla of the kidney of Case i, showing marked 
dilatation of the tubules with casts and calcification of one tubule. 

Fig. 3. Section through medulla of kidney of Case I. Extensive fibrosis with 
replacement of tubules. Round cell infiltration. Atrophy of remaining 
tubules. 
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nephrosis specifically associated in some way with the Bence-Jones 
albumosuria and the myeloma; (2) arteriolosclerosis of the kidney, 
an independent vascular disease of the kidneys, present in a milder 
or severer form in almost every instance of multiple myeloma oc- 
curring in the age group 50 to 70 years, and (3) calcium deposits in 
the kidney tubules dependent on a destruction of bone and the re- 
lease of large quantities of calcium in the blood. 

Clinically the nephrosis differs from the idiopathic type in the 
absence of edema and in the increase in the concentration of non- 
protein nitrogen in the Serum, and an inability to concentrate urine 
with a consequently low specific gravity to the urine. Anatomically 
the nephrosis is severe and the kidneys contracted. The kidneys are 
small and pale with a smooth surface and markedly narrowed cortex. 
Microscopically there is extensive destruction of the tubules of the 
cortex and meduUa with replacement by dense cellular fibrous tissue. 
Though there is some hyalinization of a few glomeruli, this lesion is 
apparently associated with a concomitant arteriolosclerosis, the 
primary lesion being the destruction of the tubules. 
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Plate 65 


Fig. 4. Section through corte.x of kidney of Case 2. Glomerulus shows slight 
atrophic change but is relatively intact. ^larked dilatation of the con- 
voluted tubules Avith flattening of the epithelium. The tubules are filled 
with casts. 

Fig. 5. Section through medulla of kidney of Case 2, showing extensive fibrosis 
with destruction of tubules and round cell infiltration. Intact tubules are 
dilated and filled with casts. 
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AtanasoS® says: “Grains, especially rye, in some seasons and in 
some fields are infected so heavily that nearly every head may have 
one or more sclerotia, as was reported from Wisconsin in 1917. 
Cases where 20 to 50 per cent of the heads were infected with ergot 
have been reported from various parts of the United States and 
Europe. The amount of ergot for 1917 in Connecticut ranged from 
I to 5 per cent. Decrease of the yield [of rye] by as high as 20 per 
cent has been reported from Russia.” (As a result of ergot in- 
fection.) 

The importance of the present-day ergot infection of rye can be 
judged by the defensive measures used by the grain farmers to re- 
move the fungus. Many methods, such as sifting, screening, fanning 
and sedimentation are employed, all depending on the difference 
in size and weight of the grain compared to the fungus. It is con- 
sidered that with careful cleaning of the seed the ergot can be 
diminished to from 0.06 to 0.17 per cent. It is of course not ex- 
pected that such a diminution could occur where the ergot amounted 
to 5 or more per cent of the grain. From personal experience with 
twenty samples of rye flour obtained from grocers and the New 
York Produce Exchange in 1925, I found anywhere from five to 
twenty-five flecks of ergot on a microscopic slide. Considering the 
amount of ergot-infected rye bread consumed here and abroad it is 
surprising that cases of endemic ergotism are so rarely reported. 
It may well be that such conditions as thrombo-angiitis or Ray- 
naud’s and other vasomotor and trophic diseases have been over- 
looked as possibly being sequelae to ergot poisoning. This may be 
because of the mildness of the original intoxication and the in- 
sidious onset of the vascular changes. 

In studying the nationalities and races affected with thrombo- 
angiitis obliterans, we find the disease most prevalent in people 
from those countries where rye bread is the staple article of diet, 
generally in the Northern Slavic countries — Russia, Poland, 
Ukraine, East Prussia and Lithuania. Most of the cases reported 
by Buerger ^ and Jablons ® in New York City were immigrants from 
those countries. Buerger, who is responsible for much of the liter- 
ature and experimental work on this disease and who has given it 
the name thrombo-angiitis obliterans, believes that the disease is 
peculiar to the Jewish race. In his large series of cases in New York 
City, patients were almost exclusively Jewish. Jablons reported 



THE PATHOLOGICAL SIMILARITY OF THROMBO- ANGIITIS 
OBLITERANS AND ENDEMIC ERGOTISM* 
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Thrombo-angiitis obliterans and ergotism (gangrenous form) have 
many points in common. This is particularly true of their vaso- 
motor, trophic and sensory symptoms and signs. Even though the 
histological descriptions in ergotism are meager, they show a re- 
semblance in the important pathological characteristics; namely 
thrombosis with obliteration of the vessel lumina. 

The cause of thrombo-angiitis obliterans is unknown, and if we 
are to consider ergot poisoning as the cause we must first know some 
facts about the probability. 

It is well known that epidemics of ergotism were due to the eating 
of bread made of ergot-infected rye. These epidemics have been 
traced back as far as Galen, circa a.d. 200. For a complete history 
of epidemic ergotism up to 1888, the works of Krysinsky ^ and All- 
butt and Dixon, ^ from whose works I have borrowed freely in this 
article, are recommended. There have been very few epidemics of 
any importance in the past 100 years because of the greater care, 
cultivation and separation of the ergot sclerotia from the rye grains. 
In spite of our knowledge and care there have been isolated epidemics 
as late as igo8. This is not at all surprising when we realize the 
quantity of grain that is known to be infected with the ergot fungus 
in our present day. 

Since the ergot fungus attacks most of the grains and grasses, it is 
not strange that we have reports of its presence in most portions of 
the globe. As rye is the most susceptible host, it is natural to find 
this fungus most prohfic in those regions where rye occurs in the 
greatest abundance. It has been reported to occur in every conti- 
nent including Australia and New Zealand. In North America it 
has been found in Vermont, Connecticut, New York, Michigan, 
Tennessee, Indiana, Wisconsin, Minnesota, Iowa, Kansas, Wyo- 
ming, Montana and other states, besides various places in Canada. 

* Received for publication January 27, 1930. 
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pertinent that both thrombo-angiitis obliterans and gangrene 
ergotism have a preference for the male sex. 

Age: Thrombo-angiitis obliterans occurs most frequently in 
young and middle-aged men. In epidemic ergotism the gangrenous 
form, according to Krysinsky, occurred most frequently in young 
and middle-aged men. 

Social Class: Thrombo-angiitis obliterans occurs principally 
amongst the laboring classes. This was also found true of epidemic 
ergotism. The explanation given is that rye bread, which was the 
cheapest form of food, was the principal article of their diet. 

Diet: As the chief article of diet in the North Slavic countries is 
rye bread, it is most natural that the patients coming from those 
countries should admit eating rye bread. It is also natural for the 
poor laboring classes, who makeup the largest proportion of thrombo- 
angiitis obliterans cases, to be big consumers of this cheapest form 
of food. Those patients whom I questioned, admitted eating large 
quantities. One-half to three-quarters of a pound of rye bread dur- 
ing a meal was not considered unusual. Rye bread as we know was 
also the universal diet of the patients afflicted with epidemic er- 
gotism. Those who ate liberally of meat, milk and cheese suffered 
less severely, or not at all. The addition of meat and milk to the diet 
of people who consume large quantities of maize, serves to prevent 
the occurrence of pellagra. This additional diet may serve in a 
similar way to neutralize the toxins of ergot. Those people who eat 
much rye bread might be advised with profit to add meat and milk 
to their diets. 

It is well known that large quantities of rye bread are consumed 
by the Germans, yet there are relatively few cases of thrombo- 
angiitis obliterans reported by them. It may be that they are more 
careful in selecting and cleaning their grain, or perhaps their more 
varied diet helps to prevent the disease. Another element to con- 
sider is the preparing of the bread. In the Slavic countries a sour 
bread is made of rye flour leavened with old rye dough instead of 
yeast. The dough is allowed to ripen each time for several days. It 
takes much longer than with yeast. A small quantity of dough is 
always saved for the next baking. It is possible that a rye flour 
rich in ergot might develop larger quantities of the so-called putre- 
factive substances such as histamin and tyramin if allowed to stand 
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90 per cent Jews in a series of 200 cases in New York City. He 
mentions Idelson reporting 60 per cent Jews in a series of 226 cases 
from Poland, Lithuania and East Prussia. He quotes various other 
authors as reporting cases in Norwegian fishermen in Norway, 
Scandinavians in Minnesota, and Japanese and Chinese in their 
natural habitat. It would seem from this that thrombo-angiitis 
obliterans is more widespread than originally thought by Buerger. 
It is probable that the large percentage of cases reported in any 
particular race depends to a great extent on the character of the 
author’s experience. In considering the susceptibility of the Jews 
to this disease, it is significant that this disease is very rare in the 
descendants of native Jews of the United States, England and Ger- 
many, whose dietetic habits are difierent from the Slavic Jews. It 
seems more rational to regard the susceptibility as one depending 
on habits and susceptibility peculiar to the individual, rather than 
to any racial idiosyncrasy. 

Sex: Of 500 cases reported by Buerger three cases occurred in 
females. In Jablon’s 200 cases, 1 per cent occurred in females. 
Idelson ® reported 14 women in a series of 358 cases. The greater 
susceptibility of males to thrombo-angiitis obhterans is very evident 
from these figures. One can find a parallel here in the susceptibility 
to the gangrenous form of ergotism which affected the males to the 
greatest extent. In sixty-eight epidemics of ergotism, according to 
Krysinsky, the gangrenous form affected, with one exception, the 
males exclusively. The convulsive form affected the women, chil- 
dren and the aged. Renauldin ’ stated that the gangrenous form of 
ergotism does not affect females. Tessier ® observed that spurred 
rye acts with less force on females. YTiat is true of epidemic is also 
true of medicinal ergotism. In spite of the tremendous quantity of 
ergot consumed in this country ® — 170,000 to 264,000 pounds im- 
ported yearly — one rarely ever hears of a case of gangrene in 
women. It is interesting to note that even in fowls we encounter an 
increased susceptibility in males. Gittinger and Munch in an as- 
say of ergot by the cock’s comb method, found that the hens had 
no value, their combs shoving slight blanching or no effect what- 
ever; while, of the control, go per cent of the cocks gave satisfactory 
results. 

^ It is not within the realms of this paper to consider why certain 
diseases are limited to one or the other sex. For our purpose it is 
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In comparing gangrene ergotism and thrombo-angiitis obliterans 
we note that we have in both, symptoms and signs of a vasomotor 
and trophic condition. We have in both conditions pallor, rubor and 
cyanosis; pains, paresthesias and contractions in the legs; imper- 
ceptible pulse, trophic changes, ulceration and gangrene. 

It is interesting to note that the patients, outside their local 
symptoms, appear to be in splendid health in both these vascular 
diseases. 

COTTSSE 

The course of thrombo-angiitis obhterans is very chronic, lasting 
many years. It is not known how soon the intoxication occurs be- 
fore the symptoms. In ergotism, symptoms of gangrene have been 
noticed to occur several months after the original intoxication. In 
horses, Buffum “ noticed gangrene to occur two years after the 
initial ergot intoxication. If such late manifestations occur in 
humans it is not strange that the original intoxication is lost sight 
of. Such may also be a possibility in thrombo-angiitis obliterans. 
It is possible that susceptible individuals, by daily feeding with rye 
bread slightly infected with ergot, may not show acute manifesta- 
tions of ergotism but later develop the chronic manifestations of 
thrombo-angiitis obliterans. 

Pathology 

Only some of the salient features of the pathology of thrombo- 
angiitis obliterans wiU be described here. For details on this sub- 
ject, Buerger, Mahorner,^^ and Ramirez^® are recommended. 

The lesions of thrombo-angiitis obliterans are generally found in 
the extremities and occasionally in the viscera. They are in part due 
to neurotrophic disturbances, but principally to a vascular occlusion 
which leads to infarction. The typical lesions are found in the blood 
vessels, which become thickened and thrombosed with obliteration 
of their lumina. The veins , are often the seat of acute thrombo- 
phlebitis. This acute venous inflammation and thrombosis has led 
Buerger to apply the name thrombo-an^itis obhterans to this 
disease. It was his opinion that the disease began with an acute in- 
flammation and thrombosis of the vessel. Earher authors. Fried- 
lander,^^ and some of the more recent authors, Ramirez and Mahor- 
ner, beheve that thrombosis is secondary to an intimal proliferation. 
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for a long time. The Germans are not as partial as their Slavic 
neighbors to this sour rye bread. 

To explain the occurrence of thrombo-angiitis obhterans in the 
Chinese and Japanese, from the standpoint of ergotism, one would 
have to know more about the diet of these people. It may be that 
their rice had been infected by ergot. In the more Northern districts 
where rice does not grow, rye bread forms a big part of their diet. 

Symptoms 

For the s3miptoms of gangrenous ergotism we are forced to rely 
on the reports of the epidemic form as the reports of the endemic 
form are practically limited to the medicinal intoxications. After 
the acute symptoms, such as headaches, vomiting, cramps, diar- 
rhoea, etc., agonizing pains appear generally in the legs. These 
pains, which are said to penetrate the limbs hke fire, both precede 
and accompany the gangrene. The limb becomes hvid, which in 
some cases is preceded by an erysipelatous blush. The cyanosis 
passes into darkness and blackness, and finally gangrene, which 
may be either dry or moist, generally the former. 

The artery is felt to tighten from day to day and the pulse be- 
comes very small until finally it is imperceptible. Amongst the 
sensory symptoms mentioned are formication, anesthesia, coldness, 
heat and pain. Tonic contractions of the legs are also mentioned. 
There may be pallor, rubor, or cyanosis. Gangrene may follow 
months after the initial intoxication. 

The chief symptoms of thrombo-angiitis obliterans are burning 
or cramp-like pains in the calf of the leg. There is generally present 
paresthesia, anesthesia, formication, coldness or heat. There may 
be pallor, cyanosis or rubor. When the affected leg is elevated it 
immediately becomes bloodless, but soon changes from paUor to 
the original redness or cyanosis when placed in the pendant position. 
There are trophic changes to be noticed in the skin and nails of the 
fingers or toes afiected, to which may be added ulceration and 
gangrene. Occlusion of the arterj’^ is essential to the diagnosis of 
thrombo-angiitis obliterans. The symptoms occur in some cases 
long before the complete thrombotic occlusion. This is particularly 
true of the vasomotor and sensory symptoms and suggests the pos- 
sibility of recurrent spastic contraction of the diseased vessels. 
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quently found to be denser on account of the increased connective 
tissue. Many of the nerves are found in a state of degeneration. 
This is attributed to the ischemia and not correlated with any 
cerebrospinal changes. Whether the cerebrospinal tract is affected 
by this disease is not known as no autopsy report of its investigation 
exists. 


Pathology of Ergotism 

We have unfortunately very meager information of the pathology 
of ergotism. We are familiar with the text-book’s description of a 
contraction and thickening of the vessel wall and a thrombosis of 
the lumen followed by gangrene of the extremity. Dr. Mitchell 
Bruce says that the posterior columns of the cord show sclerosis. 
In the constricted and thrombosed arterioles a glutinous matter is 
found and the vessels either primarily or secondarily undergo 
hyaline degeneration, especially of the tunica intima. 

As in thrombo -angiitis obliterans, the visceral vessels may also be 
affected. Perhaps the most detailed pathological report on ergotism 
in humans is the one by Vinogradoff on the epidemic of acute con- 
vulsant ergotism that occurred at Viatka in 1889. Only the viscera 
were found affected, principally the liver, kidneys and spleen. 
Nearly all the large vessels of these organs contained thrombi. 
Some were red, others contained fibrin with scattered erythrocytes. 
In smaller branches of the portal vein organized thrombi were 
found. Some vessel walls were thickened, their lumina narrowed to 
such an extent as not to permit more than two or three erythrocytes 
to pass. Marked intimal proliferation was observed in some vessels. 
Many of the vessels had undergone fibrosis or hyaline degeneration. 
In spite of the more acute lesions described in these cases of ergotism, 
it is possible to correlate some of the vascular changes with those 
occurring in thrombo-angiitis obliterans. 

As I could not obtain pathological sections of chronic ergotism 
for my studies, I attempted to produce this condition in animals. 
In my early experiments I employed the usual laboratory animals: 
mice, guinea pigs and rabbits. I found these rodents very resistant 
to ergot and had to change to roosters, which have long been known 
to develop gangrene of the comb after the ingestion or inoculation 
of toxic doses of ergot. 

Some of the pathological data of three ergotized roosters will be 
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The latter believes that even the acute thrombophlebitis of this 
disease is a superimposed condition, other vascular changes having 
preceded it. 

The theory of the gradual narrowng of the lumen by the en- 
croaching thickening intima is more consonant with the gradual 
imp a.irmp.nt of the circulation noticed in this disease. An acute 
inflammation accompanied by a sudden thrombosis in an artery 
would produce very acute local manifestations with gangrene at 
the outset of the disease before collateral circulation could be 
established. 

It is a question whether it is wise to draw definite conclusions of 
the pathogenesis in the arteries from the findings in the acutely in- 
flamed veins. Acute arterial inflammation is relatively rare, whereas 
acute phlebitis is common. This is not so surprising when we 
realize that the veins, particularly of the extremities, receive tribute 
directly from the superficial tissues, frequently the seat of infection. 

Bacteria have frequently been found in thrombo-angiitis obliter- 
ans but none has so far been proved to be specific to this disease. 
In the absence of this evidence and the fact that the patients rarely 
have any of the constitutional symptoms of bacterial diseases, one 
should seriously consider as a cause an intoxicant capable of induc- 
ing the pathological changes of this disease. 

In following the pathological progress in the vessels one might 
suggest that an initial intoxication, by injury or only severe excita- 
tion, results first in a contraction of the walls and in intimal hyper- 
plasia (Fig. i). The second phase is the clot which becomes attached 
to the intimal process. Both this intimal process and the red clot 
undergo organization and often fuse so thoroughly as to make one 
fibrous mass. One is then unable to identify with any certainty 
what is intima, thrombus, or both (Fig. 2). 

As organization takes place, various areas of the vessel would be- 
come impoverished unless some compensatory circulation were 
established. Small vessels are formed in the fibrotic mass and media 
to offset the impaired circulation. These new vessels are not found 
in the adventitia which perhaps has an independent circulation. 
These new vessels are one of the characteristics of the later phases 
of the disease. 

Arteries are frequently found with their accompanying veins and 
nerves adherent to the adjacent structures. These nerves are fre- 
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engorged with old blood. There is evidence of marked stasis. On 
either side of the vascular stalk there is condensation of the mucoid 
tissue with a disappearance of the nuclear elements: this condensed 
tissue stains quite blue with the hematoxylin and eosin stain. 

The erectile tissue in the periphery of the mucoid tissue and just 
under the epithelium is greatly in evidence. There are more blood 
spaces and there is more engorgement. The papillae of the epi- 
thelial covering are flattened by this engorgement. There is some 
edema in the epithehum and the epidermal layers are increased. 

Section D. Area of dry gangrene; tip of posterior portion of the 
comb, distal to the hne of demarcation. The stalk area is composed 
of condensed mucoid tissue, the nuclei of which are in a good state 
of preservation. The vessels in the stalk are markedly engorged 
with blood. The erectile tissue around the stalk is very much in 
evidence, the blood spaces being markedly engorged with blood. 
In some of these spaces are to be found black amorphous masses, 
which are evidently degenerated blood pigment. In some portions 
there is early vacuolization in the subepidermal layers of the squa- 
mous epithelium. It would seem that this picture suggests attrition 
of tissue, and early stage of dry gangrene. 

A similar picture is present microscopically in the section proximal 
to this, in which the gross picture is not yet that of necrosis. This 
description coincides with the gross pathology, which suggests a 
pregangrenous condition. 

Cock No. 25 : White leghorn cock about i year old, weight 500 gm. 
This case is of a more chronic duration, about seven months, the 
animal having been fed 180 gm. of ergot intermittently for four 
months. It developed vasomotor and trophic disturbances of the 
comb two months after the initial feeding. 

Aiitopsy: The only gross lesion to be found is in the comb which 
is about twice its natural thickness. It is purple at its tip and pale 
at the base. Its entire surface is covered with small dry grayish 
scales and numerous fine capillary hemorrhages. 

Pathological Histology: Section through the middle of the posterior 
portion of the comb. There is no change in the vascular stalk. 
Some of the arteries show vacuolization in the adventitia. Some of 
these vacuoles are large and lined with endothelioid cells; some of 
these are found throughout the vascular stalk. They suggest 
chronic lymphedema. One of these vessels shows marked intimal 
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described here. The first one, although not of chronic ergotism, is 
described to illustrate how acute a process may be as a result of a 
change in the vascular tone, and also on account of its possible bear- 
ing on the acute lesions of thrombo-angiitis obliterans where no 
bacteria have been found. Complete protocols will be published 
elsewhere. 

Experiments 

Cock No. 24; Hybrid, red and white leghorn cock about 7 months 
old, weight 1250 gm., fed 28 gm. powdered Russian ergot in four 
days. Died of exhaustion on the ninth day after the initial feeding. 

Autopsy: The animal appears emaciated, weight 880 gm.; the 
comb is very dark purple, the posterior tip is dry, hard and black 
(dry gangrene). There is a line of demarcation about i cm. from the 
tip. The border of the wattles, the breast and the rump is dis- 
colored with a dark hemorrhagic rash. On section of the skin the 
purpuric rash is seen to extend through to the pectoral muscles and 
into them. There is very little subcutaneous or omental fat. Heart 
normal; lungs normal, except for a small area of reddish consoli- 
dation at the left base; liver has a grayish infarct about 5 cm. in 
circumference. 

Gross Pathology: Gangrene of the comb; purpura of comb, wat- 
tles, skin of pectoral and rump regions; consohdation of the base of 
the left lung; infarct of the liver. 

Microscopic Examination: Lesions of acute ergotism found in 
sections of the base of the posterior portion of the cock’s comb. 

Section A. The larger arteries are somewhat contracted; the 
intima is puckered up. There are some spaces (fat globules) in the 
intima and subintimal regions. The intima stains in a somewhat 
hyaloid manner and has some vacuoles in its midst (Fig. 3). 

Section B. About the middle of the posterior portion of the same 
comb. The central stalk shows very marked hyperemia. The 
larger vessels are engorged; many small vessels are visible which are 
not present in the preceding section. The arteries are dilated, their 
coats stretched thin. There is no evidence of endarteritis nor of any 
lesion of the media. 

Section C. Near the tip of the posterior portion of the comb, 
pro.ximal to the line of demarcation (Fig. 4). The central vascular 
stalk shows condensation of the fibrous fatty tissue. The vessels are 
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distinct thrombus which is apparently firmly attached to one side 
of the intimal ring and apparently in a stage of organization. The 
media and adventitia are comparatively uninvolved. This lesion 
has all the apparent marks of the condition called thrombo-angiitis 
(Fig._6). 

Microscopic Examination: Several other arteries of the vascular 
stalk are found to have the same intimal lesions, but in none of 
these are there attached organizing throjnbi (Fig. 7.). These latter 
correspond to endarteritic lesions. The mucoid tissue is unchanged 
except toward the epithelium where it is condensed. Here the 
erectile tissue shows some diminution in the size of the blood spaces. 
The squamous epithelium is somewhat condensed and the epidermis 
is in greater evidence. 

It might be argued that the chronic endarterial changes in this 
animal resulted from the injury caused by acute ergotism. In the 
preceding animal, however, marked intimal proliferation occurred 
as a result of chronic intoxication. It may be that chronic changes 
occur as a result of either acute or chronic ergot intoxication, very 
much as in bacterial intoxications. 

If we were to consider some of the essential pathological changes 
found in both human and experimental ergotism, such as thickening 
of the vessel, particularly the intima, and the thrombus formation 
with organization, we might argue the identity of ergotism with 
thrombo-angiitis obliterans. Complete occlusion with canalization 
of the thrombus which was absent in ergotism might occur in cases 
of longer standing. Several years are perhaps necessary to develop 
this chronic process. An acute condition superimposed on a chronic 
one may be due in ergotism and thrombo-angiitis obliterans to a 
reintoxication with the causative toxins. 

Toxicology 

Ergot, Claviceps Purpura, is a fungus that attacks most of the 
grains and many of the grasses, but its most common host is rye. 
The fungus quite early in the life of the rye plant incorporates itself 
into the rye heads and becomes a part of certain of the grains. The 
vicarious grains appear somewhat larger than the normal grains on 
the same head, besides being considerably darker than, and easily 
distinguished from, the rye grains. These abnormal grains are 
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thickening with great vacuolization of the pathological endothelium, 
which is irregularly heaped up to many layers in all but one small 
sector. 

Microscopic Examination: The mucoid layer is markedly thick- 
ened: the fibrillae are greatly separated and their nuclei are few in 
number. This is all suggestive of chronic edema. A great many 
cells of the midlayers of the dermis show marked vacuolization, the 
nuclei standing out in the periphery of these spaces. This suggests 
chronic lymphedema. The epidermis appears more granular than 
usual, and is separated from the dermis by a distinct layer contain- 
ing spaces (Fig. 5). 

This animal developed vasomotor and trophic changes in the 
comb without having developed acute symptoms. Some of the ves- 
sels showed chronic endarterial changes with narrowing of the 
lumina. The marked stasis, edema, etc., could not be accounted for 
by the findings in these vessels which were not actually occluded. 
We can. only deduce that these vessels which were in a state of 
spasm as a result of ergot feeding continued in this spastic state for 
three months after this drug was discontinued. 

Cock No. 23: Plymouth Rock about 15 months old. This case 
is that of a rooster which was fed about 250 gm. of ergot over a 
period of one year. He was fed large doses in the seventh month 
and developed very acute symptoms such as weakness, dyspnoea, 
diarrhoea, etc. There was a necrotic process on the middle tip of 
the comb, the latter being purplish in color. An ulceration appeared 
at the base of the neck in front, which was found to communicate 
with the gullet from where much of the food was expelled. This 
fistulous tract was closed up with sutures and ergot was fed to him 
again until the fistula reopened about five months later. 

As we are primarily interested in the affected vessels and the tis- 
sues they supply, only the comb mil be considered in the autopsy 
of this animal. 

Autopsy: The comb is slightly swollen, dry and rough. It is con- 
tracted to one side and has a nodule firm to the touch, 3 mm. in 
diameter, at its junction with the beak. 

Pathological Histology: The central stalk shows one of the arteries 
supplying the surface of the comb to be the seat of marked change. 
There is an extensive heaping up of the intima which is markedly 
vacuolized, giving the appearance of fatty deposits. There is a 
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sels by perfusing them with ergot, such effects -have been obtained 
by perfusion with histamin.^^ 

The motor effects of ergot are of two types, a chronic contrac- 
tion of the uterus and in the skeletal muscles (epidemic convulsive 
ergotism), and a tonic contraction such as occurs in the vascular 
muscles leading to gangrene. These two different motor effects 
may be due to the individual substances present in ergot, such as 
ergotamin, tyramin or histamin, which account for the variation in 
the types of epidemics, the gangrenous or the convulsive form of 
ergotism predominating depending on the predominant toxin, 

Albutt and Dixon ascribe the possible differences in the strength 
and action of the various ergots to the ground on which they grow. 
They compare ergot in this respect with Papaver somniferum in 
that the same opium grown in Turkey has a richer yield in morphin 
than when grown in England. It is quite possible that certain 
yields of ergot also contain more or less histamin and tyramin de- 
pending on the country where they were grown. In the foregoing 
experiments, I obtained my best results with Russian ergot. The 
relative content of ergotamin, histamin and tyramin in the ergot of 
this country, Russia, Poland and Spain may prove of interest and 
importance. 

The seasons and the “freshness” of the ergot also deserve con- 
sideration, The Abbe Tessier,^® commenting on the conditions 
likely to promote an epidemic of ergotism, said “that the district 
was damp, that the vegetable products were ill thriven and stunted, 
that the inhabitants were in bad health, being reduced by want and 
malaria.” Salerne proved with experiments in animals that fresh 
ergot, which was most toxic, lost its toxicity in a few months. 

Guggisberg maintains that both histamin and tyramin occur 
only in old ergot and are not found in perceptible quantities in 
fresh ergot. 

As has been mentioned, a sour rye bread is made in which the 
dough is allowed to leaven for several days, without yeast. Whether 
the ergot present might elaborate in this dough increasing quantities 
of histamin and tyramin or cholin bodies, and so become more 
toxic is a matter of importance and should be determined. 

W^e have considered how ergotamin, Mstamin and tyramin, by a 
combination of arterial constriction and capillary dilatation and 
stasis, lead to acute gangrene. The angiospasm which induces 



THROMBO-ANGHTIS OBLITERANS AND ENDEMIC ERGOTISM 3II 


known as sclerotia and are a stage of the life cycle of the ergot 
fungus. 

The growth and abundance of the ergot sclerotia is dependent to a 
large extent on moisture. The epidemics were observed by many 
authors to occur after a damp spring. It is probable also that the 
dampness may also influence the quantity and type of toxin elabo- 
rated by the fungus, for it has been noticed that in certain regions 
and at certain periods the gangrenous form of ergotism predomi- 
nated, while in others the convulsive form was in greatest evidence. 

Ergot is not the simple substance it was originally thought to be. 
Even today the pharmacologists are not quite agreed upon the 
active principals of this drug. Briefly it may be stated that in ad- 
dition to its chief active substances, ergotamin and ergotoxin, there 
are found relatively small quantities of so-called putrefactive sub- 
stances, histamin, tyramin and cholin bodies. The action of ergota- 
min and ergotoxin can best be described as inhibitors of the motor 
sympathetic fibers. This is best proved in their counteracting the 
glycemic and pressor action of adrenalin. Contrary to the accepted 
behef, ergotamin does not constrict the blood vessels. This pheno- 
menon is most likely due to the other substances in ergot, histamin 
and tyramin. Tyramin is a very powerful arterial constrictor, 
whereas histamin, although it has slight arterial constricting quali- 
ties, is chiefly a capillary dilator. The combination of these three 
substances, ergotamin, histamin, and tyramin, undoubtedly favors 
the production of gangrene. Tyramin by constricting the arteries, 
and ergotamin and histamin by dilating the capillaries cause a 
marked stasis which eventually leads to gangrene. 

Both tyramin and histamin produce uterine contractions. The 
latter in dilution of one to a hundred million produces \dgorous 
contractions of the frog’s uterus. Histamin when injected in a cock 
intramuscularly ^vill cause a verj'- prompt darkening of the comb. 
This phenomenon is much more vigorous and quicker than when 
whole ergot is employed. It appears from this that the present 
cock’s comb method of assaying ergot in this country is faulty, since 
it does not distinguish between its principal alkaloids and one of its 
so-called impurities — histamin. 

The action of whole ergot takes place perhaps through the central 
ner^^ous system, and, to some extent, local stimulation. Although 
Albutt and Dixon did not succeed in diminishing the caUber of ves- 
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Summary 

We have shown: 

1. That both thrombo-angiitis obliterans and ergotism (gan- 
grenous form) occur most frequently in people of the same sex, age 
and social status. 

2. That the S3nnptoms and physical signs may be the same in 
both conditions. 

3. That the pathological findings in both may be the same in the 
earlier stages. 

4. That the main article of diet in both conditions is rye bread. 

5. That ergot is a common infection of all grains, particularly 
rye, in every continent of the globe. 

Note: I wish to acknowledge my obligation to Dr. Irving Simon 
for the microscopic descriptions, and to Dr. A. A. Eisenberg for the 
facihties of the pathological department of the Sydenham Hospital. 

Grateful acknowledgement is also made to Mr. and Mrs. Herbert 
M. Rothschild for their splendid cooperation. 
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trophic changes also accounts for such phenomena as intermittent 
claudication, local syncope and asphyxia, cramping pains in the 
legs, etc., as occur in arteriosclerosis, Raynaud’s disease, thrombo- 
angiitis obliterans and ergotism. 

As has been suggested, the acute reactions that recur in the ves- 
sels of thrombo-angiitis obliterans may be due to an allergic re- 
sponse to ergot. If this suggestion is to be given consideration, then 
histamin, one of ergot’s principal ingredients, should first be thought 
of because it is already looked upon with suspicion as the biochemical 
culprit of anaphylaxis. 


Conclusions 

There is much evidence in favor of an identity of thrombo- 
angiitis obliterans and ergotism. There are also some dissimilarities, 
but they can be ascribed to a difference in chronicity. 

Ergotism should be produced in animals, preferably mammals, 
with a view to obtaining a chronic process of at least several years 
duration, for comparison with thrombo-angiitis obliterans, Ray- 
naud’s disease, erythromelalgia, sclerodactyl, etc. The results ob- 
tained in roosters, although suggestive, are too far removed biologi- 
cally for definite comparison. 

Careful investigation should be made of the cerebrospinal tract 
in all these vasomotor and trophic diseases. The cord has been 
neglected in the study of thrombo-angiitis obliterans. 

A study should be made of the difference in the histamin and 
tyramin content in addition to the ergotamin in the ergot from 
various countries. Such studies should also be made of rye breads 
leavened in the ordinary way with yeast, and with old dough. 
Studies should be made with these ergot substances alone, and in 
various combinations on the effect on the vessels. Studies should be 
made with these substances from the allergic standpoint on the 
vessels, particularly histamin, which is a suspected substance in 
anaphylaxis. 

It is hoped that these studies will lead to the prevention of some 
vasomotor and trophic diseases whose origin is not known. 
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Plate 66 

Fig. I. Early stage of thrombo-angiitis obliterans, showing marked hyperplasia 
of the intima, to which is attached a recent thrombus. Note the invasion 
of the thrombus by the intimal cells. This will result in a fusion of the 
thrombus with the hyperplastic intima. 

Fig. 2. Thrombo-angiitis obliterans in three vessels illustrating three later 
stages. To the right a vessel is shown to which a thrombus has very likely, 
been attached to the hyperplastic intima, with which it became fused and 
organized so that there is now no means of identifying the two processes. 
To the left is a vessel in which the hyperplastic intima is the important 
feature. The vessel in the middle illustrates the end process of thrombo- 
angiitis obliterans. 
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Plate 67 


Fig. 3. Acute ergotism in an artery at the base of the posterior portioii of the 
cock’s comb showing marked thickening of the vessel and contraction of 
the lumen. The muscularis appears edematous and stains poorly. 

Fig. 4. Acute ergotism of the cock’s comb near the posterior tip showing 
marked dilatation of the vessels and stagnation of all the tissues with old 
blood. 
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Plate 6 S 


Fig. 5. Chronic ergotism of the cock’s comb showing edema of the epithelial 
layer and desquamation of the thickened epidermis. 

Fig. 6. Chronic ergotism in a vessel of the cock’s comb showing marked intimal 
h3q)erplasia with an adherent thrombus which is fused and organized. 











Plate 69 


Fig. 7. Chronic ergotism, cock’s comb. Marked proliferation of the intima in 
an artery of the median stalk. Hematoxylin and eosin stain, x 50. 

Fig. 8. Transverse section of a normal cock’s comb, (i) Median vascular 
stalk. (2) Mucoid area. (3) Vascular erectile tissue. (4) Epithelial cover- 
ing. Hematoxylin and eosin stain, x 10. 
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Presystolic and systolic thrills were felt over the apex and at the 
left sternal border at the level of the third and fourth costal carti- 
lages. The heart sounds were regular and the rate 60 beats per 
minute. The first apical and second pulmonic sounds were ac- 
centuated. Along the left sternal border, high pitched diastolic and 
systolic murmurs were audible. The blood pressure systolic- 
diastolic was 90/60 mm. Hg. 

The monthly dispensary visits of the patient until her first 
entrance to the hospital revealed no changes in her condition. In 
1923, at 17 years of age, she was admitted to the hospital for the 
first time complaining of shortness of breath on the slightest exer- 
tion. Physical examination disclosed cyanosis and malnourish- 
ment, with clubbing of the fingers and toes. Additional signs in the 
heart were systolic and rumbling diastolic murmurs at the apex. 
During her five weeks’ hospitalization the cyanosis decreased but 
never entirely disappeared. The clinical diagnoses at this time were: 
(i) congenital heart disease, patency of interventricular septum, 
and (2) rheumatic heart disease, with mitral stenosis and insuffi- 
ciency. 

Following her discharge, the patient continued to make frequent 
visits to the dispensary. Her only new complaints were occasional 
precordial pain and swelling of the ankles. 

In May 1929, at 22 years of age, and one month prior to her second 
entrance to the hospital, she felt a localized sharp epigastric pain of 
ten minutes duration. One week later an upper respiratory infection 
developed and was accompanied by considerable coughing without 
sputum. She entered the hospital, complaining of a cold and chills. 
The teeth contained many fillings and several cavities. The tonsils 
were greatly enlarged and a thick yellow mucoid material covered 
the posterior pharyngeal wail. The signs in the heart were un- ^ 
changed except for a blowing systolic murmur heard over the 
pulmonic area. The infection abated and she was discharged in 
three days. 

Two months later for the third time she reported to the hospital 
because of chills and joint pains which had begun ten days before. 
The pain was most marked in the left knee-joint and there was also 
swelling of the left ankle. The patient, as previously noted, was 
malnourished and cyanotic and further appeared acutely ill. The 
signs in the heart, found on previous admissions, were unchanged 



A CONGENITAL ANOMALY OF THE HEART 
(TRUNCUS ARTERIOSUS COMMUNIS WITH SUBACUTE 
ENDOCARDITIS) * 

Knox H. Finley 

{From the Department of Pathology, Yale University School of Medicine, 

New Haven, Conn.) 

Introduction 

Truncus arteriosus communis is one of the rare types of cardiac 
malformation. Abbott/ in a recent article, reports twenty-three 
cases of this anomaly from the literature and other sources. One 
case has since been reported from this laboratory by Zimmerman.^ 
The embryological factors responsible for this abnormality are dis- 
cussed in detail by Abbott and Shanly.^ 

An individual with truncus arteriosus communis seldom lives be- 
yond the period of childhood and rarely develops an intercurrent 
infection of the heart. Lesions similar to those found in this case 
are therefore unusual. It is well known, however, that intercurrent 
cardiac infections are common in many other types of congenital 
heart diseases. The case here reported is of special interest because 
of the valve injuries, the age of the patient and a ten-year period of 
observation in the medical dispensary and ward services. 

Report oe Case 

Clinical History: The patient, a female, was under observation 
at the New Haven Hospital and Dispensary for a period of ten 
years prior to her death at 22 years of age. In 1919, the patient, 
then 12 years of age, reported to the dispensary complaining of 
nervousness and palpitation. She was born a “blue baby,” was 
always cyanotic and physically could not exert herself beyond such 
moderate exercise as walking. Physical examination revealed 
cyanosis and malnourishment. The cyanosis was general over the 
face, hands and feet. The finger tips were markedly clubbed. The 
left border of cardiac dullness extended out to the anterior axillar}’- 
line and the apex impulse was felt ii cm. from the midstemal line. 

* Received for publication December 19, 1929. 
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extremity is tense, shining, and pitting edema is present throughout. 
Upon opening the abdominal cavity about 6o cc. of clear amber- 
colored fluid is found. The liver extends well below the costal 
margin. When the chest plate is removed, it is found that the trans- 
verse diameter of the heart is greatly increased, measuring 13 cm., 
while that of the thorax measures 19 cm. The pericardial surface is 
smooth and the pericardial sac contains about 30 cc. of a clear am- 
ber-colored fluid. The apex of the heart is blunt and the distance 
from the apex to the base is relatively short, giving the heart as a 
whole a spheroidal shape (Fig. i). One large vessel only arises from 
the base, at the usual site of the origin of the pulmonic and aortic 
arteries (Fig. 2). The heart and lungs are, therefore, removed en 
masse together with the upper three-fourths of the thoracic aorta. 

Heart: The heart is large, firm and estimated to weigh over 600 
gm. A normal amount of subepicardial fat is present along the 
course of the coronary arteries. The right auricular appendage is 
large and passes well around the front of the common truncus 
arteriosus. No pulmonary artery or ductus arteriosus are found. 
The base of the common truncus measures 9 cm. in circumference. 
At its junction with the transverse portion of the vessel it gives 
rise to the right iimominate, left common carotid and left sub- 
clavian arteries, in the usual manner. Beyond this point the circum- 
ference of the vessel decreases in size, measuring 6 cm. From here 
the vessel follows the normal course of the thoracic aorta and, aside 
from the vessels to be described, gives rise to the arteries usually 
derived from this vessel. Distal (1.5 cm.) to the origin of the 
left subclavian artery, the common truncus gives rise to a small 
artery measuring 5 mm. in diameter (Fig. i. No. i). This vessel 
passes to the right of and posterior to the trachea, entering the up- 
per lobe of the right lung. On the same side, 3 cm. beyond this point, 
another vessel of the same diameter arises (Fig. i, No. 2). This also 
passes to the right, just below and posterior to the bifurcation of 
the trachea, to enter the middle lobe of the right lung, dividing into 
two branches as it passes to this lobe. Beyond this vessel i cm., 
another artery is given off from the left side of the common truncus 
and runs to the hilum of the left lung (Fig. i. No. 3). Just beyond 
the point of entrance into the lung it divides into three branches, 
one passing into the upper, and two into the lower lobe. At the 
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except for an additional long, blowing diastolic murmur over the 
pulmonic area. The temperature was 104.5° F, the pulse 135 per 
minute and the respirations 25 per minute. The blood pressure was 
80/50 mm. Hg. On July 7th, the fourth day after admission, the 
spleen was palpable on deep inspiration. Blood cultures taken on 
three different occasions showed heavy growths of Streptococcus 
viridans. On July 26, three weeks from the date of hospital en- 
trance, the patient complained of pain and numbness in the left leg 
and was unable to move her toes. Pulsation of the arteries of this 
extremity could not be felt. Cyanosis of the left leg rapidly increased. 
On July 28th, she became delirious and stuporous ; the temperature 
rose to 106° F, the respirations became rapid, and the patient died 
on the afternoon of the same day. 

The laboratory findings were: red blood cells 6,500,000 (the red 
blood count was found constantly high on aU three hospital admis- 
sions), hemoglobin 120 (S), white blood cells 26,000 with 84 per 
cent polymorphonuclears and 13 per cent lymphocytes. The urine 
contained a heavy trace of albumin with 9 to 12 white blood cells 
per high power field. Electrocardiogram showed normal sinus 
mechanism with an average rate of 100 per minute (Chart i). 
The chief ventricular deflections were downward in Lead i and up- 
ward in Lead 3. The auricular waves in Leads 2 and 3 were quite 
large and pointed. The T waves were upright in Leads i and 2 and 
diphasic in Lead 3. Diagnosis; normal mechanism. Left axis 
deviation. 

The final clinical diagnoses were: (1) congenital heart disease, 
patency of the interventricular septmn, rheumatic heart disease 
with mitral stenosis and insufficiency; (2) endocarditis — subacute 
bacterial; (3) embolism — left femoral artery. 

Postmortem Examination 

The autopsy was performed three hours after death; only the 
findings bearing on the subject are included. 

The body is poorly developed, emaciated and weighs 106 pounds. 
The mucous membranes, the nail beds and ears are deeply cyanotic. 
There is marked clubbing of the terminal phalanges of the fingers 
and toes. The entire left gluteal region and left lower extremity 
have a gray-purple, mottled appearance. The skin covering this 
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are prominent and deep. The right coronary artery arises in the 
left posterior sinus of Valsalva and the left coronary artery in the 
anterior sinus of Valsalva. Both coronary openings lie unusually 
high in the sinuses. On the anterior semilunar cusp is a large vegeta- 
tion measuring 2.5 by 1.5 by 1.5 cm. (Fig. 2). It is of a greenish 
red color and has a granular fibrinous appearance. Its base is solid 
and firmly adherent to the ventricular surface of the cusp. The free 
portion of the mass is soft and friable. It lies for the most part in 
the right ventricle and almost completely fills the interventricular 
defect. Three or four small openings are present near the free edge 
of the posterior cusp. The intimal lining of the common tr uncus is 
smooth throughout. The mitral leaflets are delicate and vela- 
mentous and the chordae tendineae insert well beyond the free 
edges. 

From the above description it is seen that the venous blood in the 
right heart is mixed with the arterial blood of the left, the admixture 
from both ventricles passing directly into the common truncus 
arteriosus. This common truncus with its mixed arterial and venous 
blood distributes a small portion to the lung by way of the pulmo- 
nary branches described above, and to the systemic circulation in 
the usual manner. The return flow from the systemic and pulmo- 
nary circulations passes into the left and right auricles respectively 
in the normal manner, and from the auricles through the usual 
orifices into the communicating ventricles. 

Spleen: The spleen is large and firm. It weighs 500 gm. The 
capsule at the lower pole is roughened by a fibrinous deposit. The 
underlying splenic tissue has a dark purplish color as contrasted 
with the deep red normal-appearing surrounding parenchyma. A 
cross-section through the center of this lesion and the hilum re- 
veals a cone-shaped area of opaque darkly colored tissue with the 
apex of the cone toward the hilxun, and the base, measuring 6 cm. 
across, beneath the capsule. An inelastic friable clot is found in a 
branch of the splenic artery supplying this region. 

The lower portion of the left common iliac artery with its branches, 
the left external and internal iliac arteries, are non-compressible on 
palpation. Cross-section through these vessels shows their lumina 
.to be entirely occluded by a dark reddish brown inelastic mass. 

The following anatomical diagnoses were made at the completion 
of the autopsy. 
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posterior medial aspect of the lower lobe of the right lung is found 
still another vessel passing from the organ at this point (Fig. i, No. 
4). This measures about 5 mm. in diameter; it is thin-waUed and is 
probably a vein passing out of the substance of the lung. Its point 
of termination is destroyed on removal of the organ. The truncus, 
at the level of the third thoracic vertebra, just below the pulmonary 
vessels described, measures 4.5 cm. in circumference. 

The right auricle is approximately two-thirds as large as the left. 
The foramen ovale is closed. In general, the wall of the right auricle 
is thicker than that of the left by i mm. The superior and inferior 
vena cavae, the coronary and pulmonary veins, open into the auricle 
in the usual manner. The right ventricular wall measures 13 mm. 
in thickness and the left ventricular at its corresponding level 
measures ii mm. The average thickness of the interventricular 
septum is 14 mm. In the upper portion of the septum is a defect 
measuring 2.5 by 1.5 by I cm. (Fig. 2). The semilunar cusps of the 
common truncus lie immediately over this opening. The anterior 
and posterior boundaries of this defect are formed respectively by 
the anterior and posterior ventricular walls; the lower boundary is 
formed by the ventricular septum. There appears to be no remains 
of the pars membranacea. The common truncus arteriosus arises, 
therefore, directly over the defect and communicates with both 
ventricles. The cavity of the right ventricle is nearly twice as large 
as that of the left. The mural endocardium of aU four heart cavities 
is smooth and ghstening. The papillary muscles and the columnae 
cameae stand out prominently from the ventricular walls. On the 
tricuspid valves are two healed vegetations which project i to 2 
mm. above the surface of the valve leaflets on their auricular sur- 
faces. The larger mass measures 4 by 5 mm. and lies on the posterior 
leaflet; the smaller one measures 2 by 3 mm. in diameter and is 
situated upon the median leaflet. Most of the chordae tendineae of 
the posterior leaflet arise directly from the interventricular septum 
in the upper portion. Those of the median leaflet arise from the 
lower portion of the septum, while the chordae tendineae of the 
posterior leaflets arise from the papillary muscles of the right ventric- 
ular wall, beneath and posterior to the valve defect. The semilunar 
cusps of the truncus are three in number and large, formed by a 
right and left posterior and anterior cusp. The sinuses of Valsalva 
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Primary: Healed tricuspid endocarditis, acute vegetative endo- 
carditis (valve of the common truncus), infarcts of the spleen, 
embolus in the left common iliac artery. 

Subsidiary: Truncus arteriosus communis persistans, ventricular 
defect, cardiac hypertrophy, Meckel’s diverticulum, accessory 
spleen. 
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Plate 71 


Fig. I. A 1862. Posterior view of heart and lungs showing common truncus 
and origin of pulmonar}’’ arteries to lobes of lungs. 

Fig. 2. A 1862. Longitudinal section of heart showing common truncus 
arteriosus and interventricular septal defect. 
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Review oe Litera^tiire 

Tarozzi^ isolated and described an organism which he at first 
mistook for an actinomycete causing a chronic osteomyelitis of the 
foot. The patient was a male native of Sardinia, 40 years of age, 
who was suffering from a swollen ankylosed left foot with recurrent 
pustules and sinuses of four months duration. At the age of 13 
years he received a knife wound in the foot. Twenty years later he 
twisted the foot and was confined to bed a month. From that time 
on the foot alternately swelled and regressed and the ankle gradually 
became ankylosed, but no sinuses appeared until four months be- 
fore operation. The foot was amputated and the patient recovered 
without incident. The fungus isolated from the tissues of the ampu- 
tated foot occurred as groups of soft, gray-red granules the size of 
grains of sand. Although it was cultured and studied, its true nature 
was not appreciated until two years later when Radaeh ® isolated 
and studied an identical fungus from a case of chronic osteomyelitis 
of the foot, of four years duration in a male Italian. In this case the 
foot was greatly swollen and deformed in the anterior two-thirds. 
Recurrent brown to wine-colored swellings and sinuses discharging 
yellow grains had been present for two years, widely scattered over 
this area. X-ray showed overproduction of bone in the vicinity of 
the metatarsals. Despite medical treatment for several months the 
condition gradually extended to further bone and soft tissue de- 
struction, and painful crises developed which kept the patient in 
bed for several months at a time. Small, soft, yellow grains trans- 
ferred from the sinuses to various media gave rise in about three 
days to small, white, cottony, raised colonies 3 to 5 mm. in diameter. 
These gradually became brown and extended a short distance into 
the media. The fungus was further characterized by filiform, inter- 
woven, vegetative hyphae and decumbent, rambling, septate conidio- 
phores 2.5 to 3 microns wide with ascending, somewhat attenuated 
branches bearing single terminal conidiospores. The conidia were 
continuous, piriform, oblong, sometimes obovate, truncated at the 
base, 14 by 5.6 microns, sometimes ii by 5.7 microns, rarely sub- 
round, and red-yeUow in color. Saccardo named this organism 
Mon ospormm apiospermum. 

Linhaeres and de Magalhaes ® isolated a fungus from two cases of 
mycetoma in Brazil. Although the organism was cultivated with 
difficulty it is generally considered identical with M . apiospermnw. 



MADURA FOOT DUE TO MONOSPORIUM APIOSPERMUM IN A 

NATIVE AMERICAN* 

Douglas M. Gay, M.D., and James B. Bigelow, M.D. 

(From the Pathological Laboratory of the Boston City Hospital, Boston, Mass., and the 
Clinic of Dr. Janies B. Bigelow, Holyoke, Mass.) 

Mycetomas are defined by Castellani and Chalmers^ as “all 
growths and granulations which produce enlargement, deformity, 
or destruction in any portion of the tissues of man or animals, and 
which are caused by the invasion of the affected area by fungi be- 
longing to different genera and species, which produce bodies of 
varying dimensions, colour, and shape, composed of hyphae, and 
sometimes chlamydospores, embedded in a matrix. These bodies, 
which are capable of giving rise to mycelial filaments, on germina- 
tion, are termed ‘ grains,’ and are found either embedded in the path- 
ological tissue forming these growths and granulations, or escaping 
freely in the discharge thereform. In addition, eosinophile bodies 
can usually be seen.” 

Two kinds of mycetomas are recognized: actinomycosis in which 
thirteen species of Actinomyces are involved, and maduromycosis 
in which some fifteen species of various other fimgi are the etio- 
logical agents. It is remarkable that so great a variety of widely 
different fungi cause lesions which are clinically almost identical. 
Mycetoma of the foot is commonly spoken of as Madura foot. The 
disease is endemic in parts of India and Africa and sporadic in the 
rest of the world. Boyd and Crutchfield ^ and more recently Gam- 
mel ® reviewed the status of Madura foot in the United States. The 
latter found twenty-two cases reported, eighteen of these caused by 
Actinomyces and four caused by other fungi. 

One of the rarest fungi causing mycetoma is that generically 
known as Monosporium, also referred to as Scedosporium. Reports 
of seven cases of infection with this fungus were found in the 
literature. 

Received for publication December i, 1929. 
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age. The various tissues in the foot were involved, and black, or 
red-black, firm grains i to 2 mm. in diameter were obtained from the 
, lesion. The grains were composed of densely matted, coarse, yellow- 
brown filaments and chlamydospores. Although original cultures 
were obtained with difficulty, subcultures grew readily and the 
growth remained white. The h3^hae were 3 to 4 microns in diameter, 
septate and gave off a few branches at diverse angles. Older hyphae 
, sometimes measured 5 to 5.5 microns. Fertile hyphae were erect and 
decumbent, and shorter and wider than vegetative mycelia. Conid- 
iospores were terminal, single, piriform, with truncated base, and 
measured about 12 by 5 microns. Under unfavorable conditions 
sclerotia were formed which were considered analogous to the 
grains formed in the tissues of the host. This is M. sclerotiale and 
differs from M. apiospermum in the black color of the grains, slow- 
growing white colonies, precocious formation of sclerotia, and short, 
wide fertile branches. 

Twenty-six species of Monosporium are listed by Saccardo^® 
and two others are listed by Farlow none of these, however, re- 
sembles the pathogenic forms described in this paper. In 1911 Sac- 
cardo suggested the generic name Scedosporium to include the 
pathogenic species apiospermum and sclerotiale but no definite 
evidence could be found that the genus was ofi&cially erected. 

The case of Madura foot described below is apparently due to 
Monosporium apiospermum. 

Report of Case 

A native white American male, aged 33 years, applied in Decem- 
ber, 1928, for treatment of recurrent swelling and ulceration of the 
right foot of about ten years duration. He has always lived in Hol- 
yoke, Massachusetts, with the exception of eight months in 1920 
and 1921 when he was stationed with an artillery unit of the United 
States Army in the state of Oklahoma, and he has never been out- 
side of the United States. About ten years ago the patient had a 
lesion over the second metatarsal bone of the right foot which he 
thought was an injury received while playing football. This was in 
the nature of an inflammatory process with the slow formation of 
pustules which opened to the surface, discharged reddish yellow 
pus, and then healed promptly. While in Oklahoma the patient 
frequently went swimming barefooted and at this time identical 
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Montpellier and Gouillon ’ report the case of a male Algerian, 
aged 35 years, who suffered from a chronic osteomyelitis of the left 
foot following an injury to the plantar surface four years before. . 
The lesion was characterized by the gradual formation of painless 
swellings which ulcerated and discharged seropurulent material and 
pale yellow granules. X-ray showed rarefaction of bone with dislo- 
cation of the tarsometatarsal joints. The grains were o.i to i mm. 
in diameter and sometimes aggregated. A crushed grain showed 
mycelial segments 2 to 6 microns long, and egg-shaped spores lo 
microns in diameter. Cultures were easily obtained on all moist 
media and, in addition to the usual form of growth, a slower, wrin- 
kled, mottled brown, scantier and less downy type sometimes oc- 
curred without obvious reason. Both types of culture grew the 
same in hanging drop. A three-day-old culture showed radiating 
septate mycelia 2 to 4 microns in diameter with usually alternate 
branches at wide angles. The oldest hyphae tended to be monili- 
form. Granules were irregularly distributed through the proto- 
plasm. Numerous terminal spores were present. On the fifth day 
the moniliform character was prominent and the protoplasm was 
condensed into two or three (usually two) masses resembling nuclei 
in each cell. On the eighth day many of the segments showed sub- 
division, isolating two oidia, each containing a nucleus. The spores 
were increased in number with the age of the culture and depended 
on oxygen for their formation. They were slightly egg-shaped, 6 to 
10 microns in diameter, and terminal or lateral in position. These 
authors consider the organism identical unth that reported by 
Radaeli but believe it to be an Aleurisma and not a IMonosporium. 

Fonseca and de Area Leao * studied cultures of this organism 
which they isolated from a patient with yeUow-grain mycetoma. 
In addition to confirming the cultural findings of others they ob- 
served the formation of sclerotia in fluid media and in the very 
moist portions of solid media. Two other forms of reproduction 
were also described: crescentic terminal single spores attached to 
the hypha by one end of the crescent, and abundant terminal or 
intercalary chlamydospores udth thickened walls and frequent 
characteristic small protuberances. 

The onljr other reference found of infection by a fungus of the 
genus Monosporium is that of Pepere ^ who studied a case of Madura 
foot of eighteen years duration in an Italian peasant 33 years of 
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presence of the fungus. The fungus masses are round, lobulated or 
umbilicated. Stained with hematoxylin and eosin, a section of a 
t3rpical lobulated grain 0.5 mm. in diameter presents an outer bright 
red zone 0.02 mm. thick which shades into a colorless zone of the 
same thickness. In both of these portions of the grain, closely 
packed round bodies about twice the size of red blood corpuscles, 
and a few hyphae can be made out. The details of these structures 
are less distinct toward the middle where the colorless zone merges 
with an amorphous blue or indifferently staining mass making up 
most of the granule. The faint outlines of a few hyphae can be 
made out in the central mass. A section of the same granule stained 
by the Gram-Weigert method (Fig. 3) shows a narrow outer Gram- 
positive zone of radiating, occasionally branching, coarse hyphae 
with niamerous intercalary and terminal swellings (chlamydo- 
spores), and a central Gram-negative amorphous mass in which 
there are a few Gram-positive hyphae. Although no isolated organ- 
isms occur in the tissue, a few faint-staining hyphae project from 
the margin of the granule. 

Biological Cbaeacteristics and Pathogenicity 

Cultures of the fungus were made one month after the biopsy, 
at which time there were two small sinuses in the dorsum of the foot 
at the site of the biopsy incisions, and a third sinus on the instep. 
A small amount of sanguinopurulent discharge was present and 
about twelve light yellow, firm granules up to i mm. in diameter 
were removed from two sinuses. The granules were washed in plain 
broth, planted on a variety of media, and incubated at 37° C. and 
at room temperature. Two months later more grains were obtained 
from one of the sinuses. These gave the same results on cultivation. 

The growth is the same on plain agar, serum agar, Sabouraud’s 
agar, blood agar, and dextrose agar, and in initial cultures occurs 
only where a grain is deposited. Growth is rapid at 37° C. and 
slower at room temperature. After two days incubation at 37° C. a 
round, white, cottony mass of hyphae surrounds the granule. Growth 
proceeds laterally and in four days the center becomes gray-brown. 
The growth progresses with a narrow, white, advancing margin and 
eventually the surface of the medium becomes covered v/ith a black 
surface layer, a velvety brown aerial layer which extends at most 4 
mm. above the surface, and a few colorless h3Tphae extending to an 
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lesions appeared near the same site and went through the same 
process of discharging pus and then healing. Since then about 
twelve similar lesions have appeared from time to time at various 
sites on the right foot and anMe, and for some years the patient has 
noticed small yellow grains in the discharge. A typical lesion be- 
gins with a small, localized, non-tender swelling which appears some- 
where beneath the skin of the foot. It increases in size for several 
weeks and the overlying skin becomes involved, turns bluish red 
and ruptures at the central point. The sinus thus formed dis- 
charges thin serous fluid, more or less pus, and numerous firm yel- 
low grains up to i mm. in diameter. After a period var3dng from 
several days to several weeks, the sinus closes leaving a superficial 
depressed scar. The process has not extended to the toes or to the 
fibula and tibia. The foot has increased shghtly in size and X-ray 
plates show an overproduction of bone in relation to the os calcis, 
cuboid and second metatarsal bones. The foot has not prevented 
the patient from walking about and working until about a year ago 
when for periods of several days to two weeks there has been severe 
pain, especially when bearing weight on the foot. The general 
health is good. Wassermann and Kahn tests of blood taken March 
21, 1929 were negative. Red and white blood cell counts on the 
same date were within normal limits. Although the patient fre- 
quently sought medical aid, no form of treatment, including fairly 
large amounts of iodides, influenced the progress of the disease, and 
apparently the correct diagnosis was not made until tissue removed 
December 20, 1928 was examined microscopically. Amputation 
has been advised, but is refused by the patient. Fig. i shows the 
appearance of the foot in January, 1929. 

Microscopic Examination 

The tissue shows small irregular islands of new bone embedded 
in granulation tissue which is markedly infiltrated vfith lympho- 
cytes, plasma cells and numerous endothelial leucocytes. Here and 
there are masses of polymorphonuclear leucocytes, usually with 
centrally located fungus grains up to 0.5 mm. in diameter (Fig. 2). 
Each small abscess is surrounded by a zone of endothelial leucocytes, 
some of which have phagocytosed fragments of other cells. No 
foreign body giant cells occur in the sections studied. The lesion is a 
pronounced osteomyehtis which is unusual only because of the 
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spore contains several round refractile bodies similar to those in 
the hyphae. Conidiospores germinate promptly when subcultured. 
Within twelve hours at 37“ C. a hypha sprouts from the side or 
small end (Text-Fig. i (b) ) and growth proceeds as in original cul- 
tures. Germination was never observed in spores previous to separa- 
tion from the conidiophore. With age the hyphae become more 
closely segmented, irregular in outline, and frequently form terminal 
or intercalary swellings up to 10 microns in diameter (Text-Fig. i(c)). 
These are interpreted as chlamydospores. Chlamydospore forma- 
tion is seen only on and beneath the surface of the medium while 
conidiospores are on the surface, aerial, and occasionally beneath 
the surface. Among the aerial hyphae of an eighteen-day culture 
on Sabouraud’s medium there are a few round bodies up to 
56 microns in diameter interpreted as sclerotia (Figs. 4 and 5). 
These are shells of densely interwoven hyphae and contain a sub- 
stance of indefinite structure which stains poorly. 

A grain in nutrient broth incubated at 37° C. develops in a week 
into a small white cotton-baU colony in the bottom of the tube but 
does not form spores and the supernatant medium remains clear. 
Subculture to the surface of broth media gives rise to a felted white 
growth which remains on the surface and eventually turns brown 
with the formation of conidiospores. 

Blood senun and egg medium are liquefied. In the lower, very 
moist portion of the mediiun the growth takes the form of a shining, 
black, wrinkled, tough membrane composed of densely packed 
hyphae and conidiospores of twice the usual length. 

Gelatin is not hquefied. Dextrose and lactose are fermented 
with the formation of gas. Neither acid nor gas is formed from 
saccharose. 

Two white mice were inoculated intraperitoneally with grains ob- 
tained directly from the lesions, and two other white mice received 
intraperitoneal injections of a three-weeks-old broth culture contain- 
ing many spores. The animals were observed for one month and no 
ill effects were noted. No lesions or fungus were found at autopsy. 
A guinea pig injected with a young broth culture containing h3rphae 
and spores remained well during one month of observation. An 
old culture containing many spores and hyphae was injected into 
the foot of another guinea pig without result. 
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equal depth into the medium. The organism does not grow when 
grains are inoculated beneath the surface of sohd media. 

Young hyphae in the white margin of growth are fiUform, straight 
or slightly curved, septate, branch frequently at an angle of 30 to 
90 degrees, and occasionally anastomose. The diameter averages 
2.9 microns. The only other visible structures in the hyphae are a 
few round refractile bodies up to 2 microns in diameter scattered 



Text-Figure i 

Growth of Monosporium apiospermmn on Sabouraud’s agar at 37.5° C. 

(o) Conidiospore formation, 5 daj'S incubation. 

(6) Sprouting conidiospores, 18 hours incubation. 

(c) Chlamydospores, iS days incubation. 

throughout. Older hyphae from the brown portion of the colony 
show many erect and decumbent spore-bearing branches (conid- 
iophores) which in turn are branched (Text-Fig. i (a)). In structure 
these do not differ essentially from the sterile hyphae. The conidio- 
spores are terminal, usually single, and occasionally in pairs side by 
side or end to end. Some are borne on short, narrow, straight 
sterigmata arising perpendicularly from the larger hyphae. The 
conidiospores are brown, thick-walled, egg-shaped, with the smaller 
slightly flattened end attached to the conidiophore or sterigma, and 
measure 9.4 microns long by 4.9 microns in greatest diameter. Each 
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The only other organism encountered in original cultures was a 
small Gram-negative bacillus corresponding in appearance to an 
organism seen in smears from the lesions. It was looked upon as a 
sapropyhtic invader without significance. 

While the characteristics of M. apiospermum have been.estab- 
hshed piecemeal by the various observers and have varied some- 
what, the identity of the fungus which we isolated is shown in 
Table I. 

Discussion 

Although Madura foot is a rare disease in the United States, it 
should be considered in chronic osteomyelitis of the foot. It is 
usually easy to find the grains and their presence is pathognomonic, 
but the identification of the infecting organism requires microscopic 
and cultural study. Diagnosis by biopsy is impossible unless a 
grain is included in the section, because the lesion is not histo- 
logically characteristic. It may be a simple chronic osteomyelitis, 
resemble tuberculosis, or occasionally simulate lues. The patient 
with Madura foot, especially of the yellow-grain variety, should be 
started on iodine therapy, unless there is some contra-indication for 
the drug, because of the well known response of Actinomyces and 
Sporotrichiun infections to iodine. Should the organism prove to be 
some other type, amputation is the only treatment which promises 
success. 

Summary 

1. A case of Madura foot due to Mo 7 iosporium apiospermum is 
reported. 

2. The literature on pathogenic Monosporia is reviewed. 

Note; We are grateful to Dr. C. W. Dodge for assistance with 
the mycology. 
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PlATE 72 

Fig. I. Madura foot of 10 years duration due to Monosporhm apiospermum. 
Two healing biopsy wounds are situated on the dorsum and below the mal- 
leolus. Several spontaneous lesions in various stages of swelling, sinus 
formation and healing are also evident. 
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Plate 73 


Fig. 2. Microscopic appearance of the lesion of Madura foot due to Mouo- 
sporhim apiospennum. There is a chronic osteomj'^elitis with an abscess 
containing a grain of the fungus, x 40. 

Fig. 3. Section of a grain stained by the Gram-Weigert method. The grain is 
umbUicated and composed of a central homogeneous mass of dead fungus 
surrounded by a marginal network of branching hyphae and chlamydo- 
spores. X 250. 

Fig. 4. Section of an eighteen-da)’’ culture of M. apiospcrnimn on Sabouraud’s 
medium. A growth of hj’phae and conidiospores extends into the medium 
(lower portion of photograph) and for some distance above the surface, 
where conidiospores are most numerous. Four sclerotia are shown, x 200. 

Fig. 5. Sclerotia. These are composed of dense shells of hyphae. x 750. 
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cartilages, spleen, ovaries and adrenals. It is worthy of note that 
calcium deposits were not present in the liver or striated muscle. 

In view of the specific manner in which irradiated ergosterol in- 
duces calciiun deposition in certain tissues while sparing others, it 
seemed of interest to study its action in certain pathological con- 
ditions. The administration of this substance to animals having 
tuberculosis at once suggested itself, since the caseous portions of 
tubercles appeared to be especially favorable material for calcifica- 
tion. Rabbits were used because of their great susceptibility to ir- 
radiated ergosterol. In order to eliminate the spontaneous calcifica- 
tion that sometimes occurs in chronic tuberculosis of rabbits, a 
highly virulent strain of bovine tuberculosis was chosen. 

Reports of the calcification of the lesions in acute tuberculosis in 
animals following the administration of irradiated ergosterol have 
not been found in the hterature. 

Material and Methods 

Each of twenty-five young rabbits, averaging 1700 gm. in weight, 
was given intravenously i cc. of a heavy saline suspension of highly 
virulent bacilli of bovine tuberculosis. Later, a concentrated prep- 
aration of activated ergosterol, having one thousand times the 
antirachitic potency of cod liver oil,* was administered by stomach 
tube to each of fourteen of the above rabbits in individual doses of 3 
to 5 cc. (Table I). This medication began on the thirteenth day of 
the experiment with the exception of three rabbits. Nos. 13, 14 and 
18, which were started on the seventh, tenth, and tenth day of the 
ejqjeriment, respectively. The administration was continued at fre- 
quent intervals (one to three days) until death occurred. The in- 
terval between doses and the amount of material per dose was 
decided individually for each animal after careful consideration of 
its condition. At all times, the decision was made with a view of 
prolonging the period of medication rather than of giving large 
individual doses. 

A series of six of the remaining animals were given comparable 
doses of the inert solvent oil used in the above preparation. 

The remaining five rabbits received no medication and served as 
additional controls. 

* This preparation was furnished through the courtesy of Mead Johnson & Co. 



THE CALCIFICATION OF TUBERCLES BY MEANS OF 
IRRADIATED ERGOSTEROL* 

Tom Dottglas Spies 

{From the Pathological Laboratory of the Boston City Hospital, Boston, Mass.) 

Since the observations of Steenbock ^ and Hess ^ that certain sub- 
stances acquire antirachitic properties following exposure to ul- 
traviolet light, there has been a great deal of interest centered on 
the artificial production of vitamin D and on its application to the 
diseases coiicerned with calcium metabolism. The production of a 
potent antirachitic substance by the activation of cholesterol initi- 
ated careful chemical studies of this substance. In 1926 Rosenheim 
and Webster^ demonstrated that ergosterol acquires remarkable 
antirachitic power following activation, and that cholesterol loses 
activatability on purification. Heilbron, Kamm and Mortons'* 
Pohl,® and Windaus and Hess® could identify by spectroscopic 
study three absorption bands found in cholesterol as characteristic 
of the vitamin precursor. Bills and his co-workers^ discovered a 
fourth absorption band identified with the provitamin, and were 
further able to show by a comparison of destruction rates that the 
activatable contaminant of cholesterol was ergosterol. As a result of 
all these observations it became generally accepted that the specific 
substance activated by irradiation was ergosterol, a sterol widely 
distributed in nature. 

The eflScacy of this substance in the treatment of rickets and 
osteomalacia has been established. In addition, a few workers 
(Pfannenstiel,® Kreitmair and Moll,® Klein,*® and Smith and 
Elvove **) have studied the effects of massive doses of this material 
on normal animals. They have found an elevation of the blood 
calcium followed by calcium deposition in some of the tissues. In a 
similar study (to be published later) we have foimd that there is 
usually a retention of nitrogenous products in the blood before 
death. The animals showed extensive calcium deposits in the 
arterial walls, lungs, kidneys, stomach waU, heart muscle, bronchial 

* This study has been aided by a contribution from Mr. William A. Parker. 
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Pathological Description 

Lungs: The pleural surfaces were roughened by innumerable 
small, rounded, gra}dsh yellow nodules (tubercles) averaging 0,2 
cm. in diameter. The cut surface of the parenchyma was studded 
with closely approximated, rounded lesions (tubercles) of similar 
size. Occasionally a creamy white exudate filled the larger bronchi. 
The pulmonary vessels were negative. 

Kidneys: The kidneys were of normal size and shape. Over the 
surface were irregularly scattered small grayish white nodules 
(tubercles). Similar lesions were found within the parenchyma. 
Pelves, ureters and vessels were negative. 

Aorta: Two of the fourteen animals which received irradiated 
ergosterol (Nos. 14 and 18) showed considerable changes in the up- 
per portion of the aorta. Both had a moderate degree of dilatation 
of the ascending aorta and the arch. A sclerotic process character- 
ized by the formation of irregular depressed lesions of the wall was 
very evident from the external surface. The intimal surface was 
roughened by depressions irregular in size and shape, ranging from 
0,4 cm. to o.i cm. in diameter. The largest lesions were found in 
the upper portion of the thoracic aorta where only minute partitions 
separated their adjacent edges. The number and size of these lesions 
progressively decreased as the bifurcation of the iliacs was ap- 
proached. The lining of the depressions was firm, and no evidence 
of ulceration was seen. The elasticity appeared fairly normal. A 
faint grayish white line (calcium) was seen in the media. Three of 
the remaiiiing animals showed very slight roughening of the intimal 
surfaces of the aorta. The remaining nine animals showed no de- 
monstrable gross lesions of the aortae. 

The aortae of the eleven control animals were normal. 


Microscopic Description. Formalin Fixation 

Lungs: Many large and small areas of calcification were con- 
tained in the caseous and necrotic centers of otherwise typical 
tubercles (Figs. 1 and 2). The deposits were irregular in shape and 
ranged in size from 0.2 cm. to o.oi cm. In contrast, the tubercles 
without necrotic centers rarely contained even a minute trace of 
deposited calcimn. Enmeshed within the calcified centers of the 
degenerated tubercles were many necrotic cells, acid-fast bacilli and 
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AH animals were allowed to die. Sections from the organs were 
fixed in an alcohol-formalin mixture (9 parts of 95 per cent alcohol 
to I part of 40 per cent formalin), in 10 per cent formalin, in 95 per 
cent alcohol, and in Zenker’s fluid. Some of the tissues fixed in 
formalin were embedded in celloidin and later stained either with 
hematoxylin and eosin or by the silver method of von Kossa. In 
order to study the relationship of the tubercle bacilh to the calcified 
deposits it was found necessary in staining the tubercle bacilli to 
avoid the use of acid alcohol which dissolved out the calcium. 
Therefore, sections stained with carbol fuchsin were cleared in 
aniline oil following the method of Flexner for staining the bacillus 
of leprosy. In order to demonstrate fat, frozen sections of formahn- 
fixed material were stained with Sudan IV. The tissues fixed in 
Zenker’s fluid were embedded in paraffin and stained with eosin- 
methylene blue, and by the usual method for the demonstration of 
tubercle baciUi in sections. The calcium deposits were identified by 
their solubility in acid and by the following histological criteria, 
using formalin-fixed material: (i) when stained with hematoxylin 
and eosin the precipitated calcium appeared as a dark blue, coarsely 
granular material; (2) after treatment with a silver nitrate solution 
and counterstaining with 0.5 per cent basic fuchsin the deposits as- 
sumed a deep brownish black color. 

Observations 

After a period of approximately ten days, aU the animals began 
to lose weight rapidly and died before the twenty-fourth day of the 
experiment. Diarrhea played a part in causing the death of rabbits 
No. 7, 8, 9, II and 13, soon after receiving their initial dose of 
irradiated ergosterol. 

While all the organs were examined grossly and microscopically 
in every animal, only the changes in the lungs, kidneys and aorta 
are regarded as sufficiently significant to warrant their description 
in this report. Since macroscopically the lungs and kidneys of the 
animals which received irradiated ergosterol appeared identical 
with those of the controls, it is thought that one description will 
suffice for both. On the other hand, the aortae of the two groups 
will be described separately as some of the aortae from the animals 
which were given irradiated ergosterol showed definite macroscopic 
changes which were not present in those of the control animals. 



342 


SPIES 


The kidneys of the eleven control animals contained similar 
tubercles but did not contain precipitated calcium. 

Aorta: The aortae of five of the animals which received activated 
ergosterol contained calcium deposits within the media. In every 
instance they were limited to the internal elastic lamina and ad- 
jacent portion of the media. In rabbits No. 14 and 18 the process 
was extensive and formed an irregularly thickened calcific ring 
which involved almost the entire width of the media. In rabbits No. 
I, 22 and 23 the deposits of calcium were less extensive and had not 
fused to encircle the lumen. The calcified areas were irregular in 
size and shape, and their adj'acent edges were separated by normal 
tissue. The remaining nine animals did not exhibit calcification of 
the aorta. 

The aortae from the eleven control animals were normal. 

Zenker’s Fixation 

Calcification was absent in all tissues fiixed in Zenker's fluid be- 
cause the acetic acid had removed the precipitated calcium from 
the tissues. 

Lungs: The tubercles of the lungs appeared identical in the ani- 
mals which received irradiated ergosterol and in the control animals. 

Kidneys: The tubercles were identical in all animals. Occasion- 
ally a faint bluish zone, where calcium had been removed, could be 
seen in the arteries of some of the rabbits showing the most marked 
calcification in the formalin-fixed preparations. The cells in this 
region appeared essentially normal. 

Aorta: An irregular dark blue-staining rim of tissue in which 
nuclei and cell boundaries were easily recognized occupied the loca- 
tion of the calcimn deposits in the region of the internal elastic 
lamina. The remaim'ng portions of the wall were quite normal. A 
slight but similar change was present in the animals showing less 
calcification. The remainder of the aortae in this series were 
negative. 

The aortae of the controls were negative. 

Discussion 

It has been shown in the experiments reported here that marked 
calcification of the caseous and necrotic centers of the tubercles of 
the lung can be produced by the administration of large doses o 
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fat globules. The central portions of the tubercles were surrounded 
by a well demarcated margin of connective tissue cells, lymphocytes 
and endothelial and polymorphonuclear leucocytes. This zone was 
free from calcific deposits. In no instance was there an apparent 
change in size, shape or cellular content of the tubercles following 
the deposition of calcium. In contrast to the majority of the ani- 
mals, Nos. 14 and 18 exhibited a marked preponderance of non- 
caseating tubercles over the caseating type and, as in all the other 
cases, calcium deposition was limited almost entirely to the degen- 
erated lesions. These two animals also showed considerable calci- 
fication of the bronchial cartilages, bronchial epithelium and alveo- 
lar epithelium. The alveoh were often filled with a serous exudate 
containing endothelial and pol3miorphonuclear leucocytes. Oc- 
casionally some of the bronchi were filled with an acute inflam- 
matory exudate. Calcification was absent within the vessel walls. 

Calcium deposits were absent within the lungs of the five animals 
which received only one dose of activated ergosterol as well as in 
the eleven control animals, despite the fact that all contained many 
caseous and necrotic tubercles. 

Kidneys: Seven of the animals which received activated ergo- 
sterol exhibited calcification in the kidneys. The deposits were 
prominent in rabbits No. 14 and 18 where both the tubercles and 
the renal arteries and tubules were conspicuously involved. The 
kidneys of rabbits No. 2, 20, 22, 23 and 24 contained very scant de- 
posits of calcium which were limited almost entirely to the tubercles 
and to the walls of the vessels enclosed by them. In general the 
tubercles in the kidneys were smaller, contained fewer areas of 
necrosis, and fewer and smaller deposits of calcium than the tu- 
berculous lesions of the lungs. Since the tubercles were of hemato- 
genous origin they were almost always situated around the arteries. 
The areas containing necrotic cells, polymorphonuclear and endo- 
thelial leucocytes were situated nearest to the arterial walls, and ex- 
hibited a greater tendency to undergo calcification than the non- 
necrotic portions of the tubercles. The amount of precipitated 
calcium was especially prominent in the renal tubules of rabbits No. 
14 and 18. It was located in and near the membrana propria, and 
within casts in the lumina of the tubules. These animals showed 
large deposits of calciimi in the media of the middle-sized and 
smaller arteries. 
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activated ergosterol in the last stages of acute tuberculosis in rab- 
bits. That there is a definite tendency for the calcium to precipitate 
where there is necrosis is shown by the fact that non-necrotic tu- 
bercles of the same age do not contain calcium deposits. There is also 
a tendency for the calcium to precipitate in non-tuberculous loca- 
tions (kidneys and aorta). However, it has been demonstrated 
that in some instances large areas of calcification are found in the 
tubercles with httle or no calcification in the normal tissues. It is 
noteworthy that the five rabbits which received only one dose of 
irradiated ergosterol did not show any calcium within the tissues. 

The dangers of appl3dng these facts to clinical practice are ob- 
vious when the toxic manifestations of large doses of irradiated 
ergosterol are observed in normal animals. We have corroborated 
the findings of other workers, showing that there occurs a marked 
loss of weight, cachexia, and calcification of many of the tissues. In 
addition, we have been able to demonstrate even more widespread 
calcification than had previously been observed and a retention of 
nitrogenous products in the blood, associated with marked kidney 
lesions. 

Whether or not these calcium salts would be reabsorbed if the 
animals hved we are unable to say. It seems likely that other acute 
inflamm atory lesions might also undergo calcification following the 
use of large doses of irradiated ergosterol. 

It should be emphasized that the calcified lesions described in 
this paper were produced by the use of repeated massive doses of 
irradiated ergosterol. Single large doses have no such effect. 

Summary 

1. The administration of repeated large doses of activated ergo- 
sterol to rabb'.ts suffering from acute tuberculosis causes extensive 
deposition of calcium salts within the caseous lesions. The ad- 
ministration of a single large dose produces no demonstrable changes. 

2. It is suggested that a high vitamin D diet might possibly be 
useful in some cases of pulmonary tuberculosis. 

Note: I am indebted to Hr. F. B. Mallory for helpful criticism 
and for the photomicrographs. I also wish to thank Dr. Frederic 
Parker, Jr., for his suggestions and criticism. 



Table I 

The Ejjccl of Large Doses of Irradiated Ergosterol upon Rabbits with Acute Tuberculosis 
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2ist igoo Marked Very slight Slight 

2oth 1650 Marked Slight in o 

tubercles 

19th 1720 Marked Slight in o 

tubercles 
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Plate 74 

Fig. I. Section from the lung. Photomicrograph shows calcification of a 
caseous center of a tubercle, x 100. 

Fig. 2. Section from the lung. Photomicrograph shows calcium deposition 
within the caseous portions of closely grouped tubercles, x 100. 



CALCIFICATION OF TUBERCLES 


345 


REFERENCES 

1. Steenbock, H., and Nelson, M. T. Fat soluble vitamins. XIX. The in- 

duction of calcifying properties in a rickets-producing ration by radiant 
energy. J. Biol. CJtem., 1924, 62, 209. 

2. Hess, A. F. The antirachitic activation of foods and of cholesterol by 

ultraviolet irradiation. J. A. M. A., 1925, 84, 1910. 

3. Rosenheim, 0 ., and Webster, T. A. The relation of cholesterol to vitamin 

D. Bioclicm. J., 1927, 21, 127. 

4. Heilbron, I. M.^ Kamm, E. D., and Morton, R. A. The absorption spectrum 

of cholesterol and its biological significance with reference to vitamin D. 
Biochem. J., 1927, 21, 78: also in Nature, 1928, 120, 617. 

5. Pohl, R. The absorption spectrum of the antirachitic provitamin and 

vitamin. Nachr. d. ges. d. PFm., Gottingen, Math.-physik. Klasse, 1926, 
185. 

6. Windaus, A., and Hess, A. Sterol and antirachitic vitamin. Nachr. d. 

ges. d. Wm., Gottingen, Math.-physik. Klasse., 1927, 175. 

7. Bills, C. E., Hone5r\vell, E. M., and MacNair, W. A. Antiricketic sub- 

stances; biochemical and spectroscopic studies on purified cholesterol. 
J. Biol. Chein., 1928, 76, 231. 

8. Pfannenstiel, W. A summary of recent work on vigantol (irradiated 

ergosterol). Lancet, 1928, 2, 845. 

9. Kreitmair, H., and MoU, T. H)T}ervitammosis through large doses of 

vitamin D. Miinchen. med. Wchnschr., 1928, 75, 637. 

10. Klein, I. J. Effects of massive doses of irradiated ergosterol. J. A. M. A., 

1929, 92, 621. 

11. Smith, M. I., and Elvove, E. The action of irradiated ergosterol in the 

rabbit. Pnb. Health Rep., 1929, 44, 1245. 





Spies 


Calcification of Tubercles 









348 


McGEEGOR 


Clawson,^® and Klemperer and Otani has shown that the most 
conspicuous renal lesions are an arteriolosclerosis (a formation of 
hyalin under the endothelium of the afferent glomerular arterioles) 
and a h5^erplastic elastic tissue intimal thickening of the walls of 
the small and medium-sized arteries. 

In addition Lohlein described a dilatation of the afferent arteriole 
at its entrance to the glomerular tuft. This finding was confirmed 
by Fishberg and by Jaffe. Lohlein also observed hyaline areas in the 
glomeruli continuous with the hyalin of the arterioles. Jaffe sug- 
gested that the primary renal lesion be sought in the glomerular 
tuft where he noted a thickening and hyaline degeneration of the 
capillary walls. 

Volhard and Fahr saw inflammatory glomerular changes in cases 
of essential h3^ertension with death from uremia. They believed 
that the inflammation superimposed on the arteriosclerosis caused 
the renal insufficiency. Lohlein, Jores and Herxheimer opposed 
this theory because they thought the glomerular damage was vascu- 
lar in origin and not inflammatory. More recently Fahr described 
an acute arteritis of the afferent glomerular vessels as the cause of 
uremia. Volhard has lately explained the renal insufficiency on the 
basis of a general vasoconstriction which includes the glomeruli. 
Fishberg believed the glomerular lesions were non-inflammatory 
and that uremia was usually due to an acceleration of the arterio- 
sclerotic process. Bell and Clawson found that patients with 
slowly developing uremia had at autopsy a simple glomerular and 
tubular atrophy from progressive narrowing of small arteries and 
arterioles, while those with rapidly developing uremia had a necrosis 
of arteries and arterioles producing small infarcts, inf arcted glomeruli 
and rarely glomerulitis. Klemperer and Otani ascribed the glo- 
merular changes to ischemia rather than to inflammation. 

Technique: The tissues available had all been fixed in Zenker’s 
fluid. The stain which proved most valuable was the Mallory- 
Heidenhain azan carmine.^^ Unless otherwise stated descriptions of 
glomeruli are made from this stain. Nuclei are red and all connective 
tissues including glomerular, capsular and tubular basement mem- 
branes are blue. Phosphotungstic acid hematoxylin, Weigert and 
Verhoeff’s elastic tissue stains were used on some of the tissues. 

Method of Studying Glomeruli: For practical purposes there are 
only three t3^es of glomeruli seen in the primary hj'pertensive 



HISTOLOGICAL CHANGES IN THE RENAL GLOMERULUS 
IN ESSENTIAL (PRIMARY) HYPERTENSION * 

A Study of Fifty-One Cases 
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Throughout this paper the term essential (primary) hypertension 
is used to include all chronic hypertension of unknown etiology. 
Although this is probably not a homogeneous group, most of the 
cases are similar clinically and pathologically. They are aU char- 
acterized by (i) a persistent systolic blood pressure of 150 mm. or 
more, and (2) a definite left ventricular hypertrophy not associated 
with any of the diseases known to cause hypertrophy. 

The object of this paper is to describe the histological picture of 
the renal glomerulus in essential hypertension. 

The material consists of all the 1927 and 1928 Boston City 
Hospital autopsy cases which have a history of chronic high blood 
pressure. After excluding the cases of secondary hypertension due 
to glomerulonephritis, toxemia of pregnancy, urinary obstruction, 
nephrosis and aortic insufficiency, there remain fifty-one cases of 
primary hypertension. The series is subdivided according to the 
cause of death into (i) a cerebral group (apoplexy) of 16 cases, (2) 
a cardiac group (myocardial insufficiency and coronary disease) of 
19 cases, (3) a renal group (uremia) of 14 cases, and (4) a miscel- 
laneous group (rupture of aorta and diabetes) of 2 cases. The con- 
trols are kidneys from nine persons who died in the fifth, sixth, 
seventh and eighth decades and who were known to have had a 
normal blood pressure. The object was to determine the glomerular 
lesions due to age alone. 

Before proceeding to a study of these cases, the general con- 
ception of the histological changes in the kidney in primary 
hypertension must be summarized. The work of Johnson,^ Gull 
and Sutton,^ Ziegler,® Jores,^ Herxheimer,® GaskeU,® Volhard and 
Fahr,'>®'®-i'>.n Lohlein,^®’ Evans,^® Fishberg,^®' Jaffe,^® BeU and 
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epithelium around the loop, as well as the adjacent capsular epi- 
thelium, swells, proliferates and often undergoes hyaline granular 
degeneration. The lumen of the loop is occluded by fatty swollen 
endothelium, inflammatory cells, flbrin and hyaline fibers. These 
fibers, which become collagen, contract and destroy the function of 
the loop. The adjacent capsular epithelium may proliferate and 
form crescents. The lobule with the focal lesion often becomes ad- 
herent to the capsule during the inflammatory and healing processes. 

Glomeruli with focal inflammation are more numerous than those 
with diffuse involvement. The cerebral group of h3rpertensives 
shows the fewest inflammatory lesions while the renal group shows 
the highest. Every uremic death in this series is associated with 
inflammatory glomeruli. 

The Hypertensive Contracted Glomertdus: (Figs. 2 and 4.) This 
glomerulus is always smaller than normal, its diameter often being 
reduced one-half. The decrease in size of the glomerulus produces 
an apparent increase in the pericapsular connective tissue and gives 
it a lamellated appearance. The capsular basement membrane is 
thickened. Its epithelial lining is normal. 

The normal glomerular tuft has multiple loops opening out of the 
main lobules. In a hypertensive glomerulus the original lobulation 
remains but the loops are decreased in number. This gives the 
glomerulus a simpler structure. Glomerular epithelium and endo- 
thelium are unchanged. The striking feature is a uniform thickening 
and wrinkling of the glomerular basement membrane. The process 
seems to proceed diffusely throughout the tuft. Normally the base- 
ment membrane is thin and not wrinkled. All transitions from 
normal are present in one section. In this study only glomeruli in 
advanced stages of the lesion are counted as hypertensive. 

There is no intracapillary impediment to the circulation in such a 
glomerulus. The afferent arteriole, the capillaries of the tuft and 
the efferent vessel are always open. The afferent arteriole is not 
dilated or narrowed at its entrance to the glomerulus. 

Occasionally a few of these glomeruli show focal and diffuse in- 
flammatory lesions. The result is occlusion of the whole tuft or part 
of it and eventual hyalinization. The afferent arteriole usually 
shows lesions at the hilum of an inflammatory glomerulus. 

The percentage of hypertensive contracted glomeruli is 47 in the 
renal and miscellaneous groups, 33 in the cardiac group, 24 in the 
cerebral group and 0.8 in the control group (Table VI). 
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kidney; (i) non-hypertensive glomeruli, some of which may show 
diffuse or focal inflammatory lesions, (2) hypertensive contracted 
glomeruh, a few of which may also contain diffuse or focal inflam- 
matory areas, and (3) hyaline glomeruli. 

One hundred consecutive glomeruli were counted in each section 
and classified as (i), (2) or (3). Subheadings under non-hyperten- 
sive and under contracted hypertensive were used to indicate the 
number of such glomeruli showing focal or diffuse inflammatory 
reactions. 

N 071 -Hypertensive Glomeruli: This term is used to include (i) afl. 
normal glomeruli, and (2) all glomeruli which are normal except for 
focal or diffuse inflammatory lesions. 

The reader is referred to a previous paper by the author for a 
description of the histology of the normal glomerulus. Briefly, the 
glomerular epithelium and basement membrane are continuous with 
the tubular epithelium and basement membranes respectively. 
Likewise, the endothehum of the glomerulus is a continuation of the 
endothelium of the afferent and efferent vessels. The wall of the 
tuft contains three structures, which from within out are endo- 
thelium, basement membrane and epithelium. These are easily 
distinguished from one another with the MaUory-Heidenhain azan 
carmine stain (Figs, i and 3). 

As Table VI shows, the average percentage of non-hypertensive 
glomeruli is 20 in the renal group, 44 in the miscellaneous group, 
52 in the cardiac group, 63 in the cerebral group and 96.2 in the 
control group. In the hypertensive series many of these normal 
glomeruli are hypertrophied in an attempt to compensate for 
atrophied units. 

The inflammatory lesions which occur may be diffuse and involve 
the whole tuft, or focal and involve only one or two loops. When 
the whole glomerulus is affected the lesion seems to be identical 
with that described by the author for acute and chronic glomerulo- 
nephritis. However, only a very small number of glomeruli are in- 
volved. In early stages the glomerulus is enlarged, the capsular and 
glomerular epithelium proliferates and the capillary loops are oc- 
cluded by inflammatory mononuclear cells, swollen endothelium and 
hyaline fibers (Fig. 5). The latter gradually contract and slowly ob- 
literate the capillary lumen. The end result is a hyaline glomerulus. 

Usually only a portion of a tuft is involved. The glomerular 
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Tabie I 


Essential Hypertension [Cerebral Group) 


Case 

num- 

ber 

Age 

Sex 

Cause o£ death 

: 

Blood 

pressure 

Known 
duration o1 
symptoms 

Summary oi history 

Blood 

urea 

nitroge 

BIooc 
non- 
u protei 
nitroge 

Urine 
pheno 
n sulphc 

n 

tiaiei 

' Heart 
* weight 

I 

years 

32 

f 

cerebral 

hemorrbage 

•mm. 

mercury 

235/125 

9 years 

9 years ago edema throughout 
first pregnancy. 5 years ago 
edema and high blood pressure 
with second pregnancy. From 
then on, edema, headaches, dysp- 
nea and nausea. Fundi show 
exudate and old scars. 

mg. 
per cen 

nig. 
t per ccT 

28 

t per cer 

30 

/ gm. 

370 

2 

42 

m 


igo/iao 

? 

Sudden loss of consciousness. 

. 


, , 

3 St> 

3 

43 

f 

a 

270/130 

6 months 

Not well for past 6 months. 5 
days ago became delirious then 
stuporous. 


48 

•• 

410 

1 

48 

m 

a 

200/120 

15 years 

Cerebral shocks 15 years ago, 5 
years ago and 4 days ago. Head- 
aches and high blood pressure 
for years. 

• 

• 

■ ' 

500 

S 

49 

f 

a 

185/115 

? 

Sudden loss of consciousness. 

. . 

. . 

. . 

400 

6 

S 3 

f 

<c 

230/130 

? 

Sudden loss of consciousness. 

.. 

. . 

, . 

e. 

0 

0 

Hi 

55 

m 

£< 

230/140 

25 years 

Sudden loss of consciousness. 




540 

8 

60 

m 

« 

250/no 

several 

years 

High blood pressure for several 
years. 4 days ago a cerebral ac- 
cident. 




370 

9 

6o 

f 

it 

155/1^0 

20 years 

20 years of palpitation and dysp- 
nea on exertion. 5 years of at- 
tacks of angina, failing vision and 
nocturia. 4 days of cyanosis, 
peripheral edema and coma. 




53 ° 

lO 

6s 

m 

it 

150/95 

? 

Admitted comatose, cyanosed 
with edema of legs one day after 
cerebral accident. 




55 ° 

II 

68 

f 

<e 

245/120 

3 years 

3 years of treatment for high 
blood pressure. 2 weeks of weak- 
ness, dizziness and headaches. 
Vessels of fundi tortuous. One 
day ago a sudden cerebral ac- 
cident. 




420 

12 

70 

f 

it 

high 

3 years 

3 years ago bad high blood pres- 
sure and a cerebral shock. Ad- 
mitted in coma. 


• • 


350 

13 

71 

m 

a 

220/140 

10 years 

10 years of periodic dyspnea and 
edema. 2 years ago high blood 
pressure and a cerebral accident. 
Admitted in coma. 


37 


500 
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The Hyaline Glomerulus: This type of glomerulus is usually the 
result of atrophy due to sclerosis of arteries or arterioles. Herx^ 
heimer has shown that a small percentage is congenital. The others 
are due to the healing of inflammatory processes. The latter ex- 
planation applies particularly to hyalinization of single loops or 
lobules. 

Glomeruli which atrophy following disease of arteries are usually 
found in wedge-shaped cortical areas. Those which atrophy due to’ 
arteriolar disease are often scattered in groups throughout the kid- 
ney. All transition stages between hypertensive and hyahne glo- 
meruli are found in one section. Anihn blue stains the thickened 
glomeriflar basement membrane in the midst of the hyaline mass. 

The average percentage of hyaline glomeruli is 33 in the renal 
group, 8 in the miscellaneous group, 15 in the cardiac group, 13 in 
the cerebral group and 4 in the control group. 

Renal Vessels: In this paper the term arteriole is used to indicate 
. the afferent and efferent glomerular vessels, the former arising from 
the interlobular artery. Serial sections show that the efferent 
arteriole is normal. The condition of the afferent vessel varies along 
its course. A distal segment two to three hundred microns long, 
adjacent to the glomerulus is usually normal. The proximal portion 
of the arteriole may show an irregular subendothelial fatty hyaline 
deposit which narrows the lumen. Elastic tissue stains prove that 
such homogeneous material is internal to the elastic membrane. 
This t5^e of arteriole may supply (i) an apparently normal glo- 
merulus, or (2) an early hypertensive glomerulus, or (3) a typical 
hypertensive contracted glomerulus. The arteriolar lesion must 
then precede or be independent of the glomerular lesion. However, 
the serial sections show that every hypertensive glomerulus has an 
afferent vessel which is defimtely narrowed and sclerosed in some 
portion of its course, usually at some distance from the hilum of the 
tuft. The arteriolar change must, therefore, be related to the base- 
ment membrane thickening and wrinkling. The lesions are similar 
in that the hyaline thickening is subendothelial in both arteriole 
and glomerulus. Apparently the arteriolar change takes place first. 

A dilatation of the afferent arteriole at the entrance to the glo- 
merulus in early cases of hypertension was described by Jaffe and 
Lohlein. According to my study all normal glomeruli in the con- 
trol series show this dilatation and only the normal glomeruli in the 
hypertensive series. 
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Table I {coniittued) 


Case 

num- 

ber 

Age 

Sex 

Cause of death 

Blood 

pressure 

Knovm 
duration of 
symptoms 

Summary of history 

Blood 

urea 

nitrogen 

Blood 

non- 

protein 

nitrogen 

Urine 

phenol 

sulpho- 

neph- 

thalein 

Heart 

weight 

14 

years 

72 

m 

cerebral 

hemorrhage 

mm. 

mercury 

180/90 

IS years 

15 years ago a cerebral accident. 
Two more while in hospital with 
eiysipelas. 

ms. 

per cerit 

mg. 

per cent 

42 -S 

per cent 

gm. 

35 ° 

IS 

77 

m 

a 

220/115 

? 

19 days ago a cerebral accident. 
Coma and hemiplegia since then. 

■ 

■ 

■ 

390 

z 6 

80 

f 

u 

210/100 

r year 

I year of high blood pressure, diz- 
ziness, nocturia and dyspnea. 

1 

■ 

1 

320 


Table II 


Essential Hypertension (Cardiac Group) 


Case 
num- 1 
her 

1 

Age 

Sex 

Cause of death 


Known 
duration of 
symptoms 

Summary of history 

Blood 

urea 

nitrogei 

Blood 
non- 
, protein 
nitrogei 

Urine 
phenol 
sulpho- 
neph- 
' tbalein 

Heart 
■ weigh! 


17 

years 

39 

“1 

cardiac | 

insufficiency 

mm. 

mercury 

190/130 

I month 

I month of dyspnea, edema, 
nocturia and ascites. Decom- 
pensation. 

ms. 

per cent 

mg. 

per cent 

per cent 

sm. 

660 


r8 

39 

f 

U 

1 

210/170 

1 

7 years 

7 years of high blood pressure. 

I month of dyspnea, cough, cy- 
anosis and edema. Decompen- 
sation. 

• • 

60 



19 ) 

j 

so 

m 

1 

u 

irslios 

I year 

I year of angina pectoris, dysp- 
nea and pleural effusion. De- 
compensation. 

I 

■ 


20 1 

i 

54 

m 

{( 

162/xzo 

I year 

! X year of high blood pressure, 

! dyspnea, cough, edeina and 
nocturia. Decompensation. 

■ 

1 


I S60 

560 

21 

1 

1 

55 

m 

a 

\ 

240/160 

2 years 

2 years of nocturia, dyspnea 
weakness and epistaxis. 6 weeks 
of palpitation and edema. De- 
compensation. 


SO 


22 

55 

f 

i 

\ 

u 

240/130 

3 years 

3 years of headache, blurred vis- 
ion, palpitation, praecordial 
pain, edema and nocturia. De- 
compensation. 

23-30 



500 

23 

56 

1 


u 

160/115 

5 years 

5 years of cough and epistaxis. 

3 weeks of edema and dyspnea. 
Decompensation. 




560 
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Table I 

Essential Hypertension {Cerebral Group) 


Coronap' 

sclerosis 

Mural 

irombosis 

Weight 

of 

kidneys 

Sclerosis 
small and 
medium- 
sized renal 
arteries 

Sclerosis 
of renal 
afferent 
arterioles 

Tubular 

atrophy 

Glomeruli 

Non-Hypertensive 

Hypertensive contracted 

Hyaline 

No 

inflam. 

Focal 

inflam. 

Diffuse 

inflam. 

_ No 
inflam. 

Focal 

inflam. 

Diffuse 

inflam. 


- 

absent 

gtn. 

210 

+++ 

+++ + 

++ 

per cent 

44 

per cent 

per cent 

per cent 

30 

per cent 

per cent 

per cent 

26 

- 

absent ' 

iS 8 

+ + 

+ + 

+ 

55 



34 

2 


9 


absent 

310 

+4- 

-1- + + + 

4 — h 

62 



30 



8 

++++ 

present 

240 

+ 

+ 

““ 

80 

' * 

• • 

15 

• * 

• • 

5 

+ 

absent 

300 

+ 

+ 

- 

70 



22 

• . 

. - 

8 

++ 

absent 

200 

+ 

+ + 

+ 

77 



21 



2 

- 

absent 

280 

++++ 

-f- + + 

++++ 

27 



29 


I 

43 


absent 

210 

+++ 

++ + 

4 — h 

48 



40 



12 

++++ 

present 

270 

+ 

+ 

++ 

34 



30 

2 


34 


absent 

250 

+ 

++ 

++ 

57 

2 

3 

20 



18 

+ + + 

absent 

320 

+-1- 

++ + 

++ 

62 

II 


22 



5 

++++ 

absent 

200 

++ 

+ 

— 

i 75 


, 

! 

20 


.. : 

5 

++++ 

absent 

240 

4*4~ 

O- 

++ 

! 77 


■■ i 

i 

1 

E 

13 



10 
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Table II {conlinttcd) 


Case 

num- 

ber 

1 

Age 

Sex 

Cause of death 

Blood 

pressure 

Known 
duration of 
symptoms 

Summary of history 

Blood 

urea 

nitrogei 

Blood 
non- 
, protein 
nitrogei 

Urine 
phenol 
sulpho 
^ neph- 
thalein 

‘ Heart 
■ weight 

24 

years 1 
S6 

m 

cardiac 

insufficiency 

mm. 

mercttry 

180/120 

12 years 

12 years ago two cerebral acci- 
dents. At that time, blood pres- 
sure 128/80, dizziness, dyspnea, 
edema and nocturia. 4 years 
ago blood pressure 170/80, 
headaches, nocturia, edema and 
ascites. Decompensation. 

Wig. 

per cent 

Wig- 

percent 

' per cent 

35 

'■ per cent 
830 

25 

1 

57 

f 

U 

150/60 

4 months 

4 months of dyspnea, edema and 
weakness. Decompensation. 



•• 

£00 

26 

58 

f 

It 

252/148 

3 years 

3 years of dyspnea and high 
blood pressure. 4 months of de- 
compensation. 


50 


560 

27 

63 

m 

tt 

200/140 

11 months 

II months of decompensation. 


. . 


850 

28 

1 

63 ; 

m 

1 

tl 

1 

210/110 

i 

2 years 

2 years of high blood pressure. 
2 years ago a cerebral accident. 
Now angina pectoris and decom- 
pensation. 

• • 


” i 

SIS 

29 

64 j 

i 

m j 

u 

170/110 

4 years 

4 years of dyspnea, cough, noc- 
1 turia and edema. Decompen- 
sation. 

1 

i 


47S 

30 

70 

f 

u 

200/ 130 

18 months 

18 months of dyspnea, i month 
of angina pectoris and fibrilla- 
tion. 



1 * ■ 

£20 

31 

■ 

f 

ti 

200/? 

1 

1 

1 

g months 

9 months of weakness and dys- 
pnea. 2 weeks of ascites and 
cyanosis. Decompensation. 

1 


■ 

■ 

32 j 

1 

j 

74 

m 

a 

140/80 

6 years 

6 years of dyspnea, edema and 
angina pectoris. Decompensa- 
tion. 


• • 

■ • 

600 

1 

33 

80 

m 

u 

170/95 

7 weeks 

7 weeks of dyspnea, weakness, 
ffizziness and edema. Decom- 
pensation. 


45 

• * 

600 

34 

80 

f 

a 

160/110 

g years 

9 years ago a cerebral accident. 

5 years ago another. Decom- 
pensation. 

■ 

■ 


400 

35 

82 

m 

1 

170/110 

3 months 

3 months of edema and cyanosis. 
Tortuous retinal arteries. De- 
compensation. 


82 

J 

750 ■ 
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Table I (conlinued) 


Coronajy 

sclerosis 

Mural _ 
thrombosis 


Sclerosis 
small and 
medium- 
sized renal 
arteries 

Sclerosis 
of renal 
afferent 
arterioles 

Tubular 

atrophy 

Glomeruli 

Non-Hypertensive 

Hypertensive contracted 

Hyaline 

No 

inflam. 

Focal 

inflam. 

Diffuse 

inflam. 

. No 
inflam. 

Focal 

inflam. 

Diffuse 

infiam. 


- 

absent 

gm. 

320 

- 

- 

- 

per cent 

65 

Per cent 

Per cent 

Per cent 

IS 

per cent 

per cent 

per cent 

20 

++ 

absent 

2go 

+ + 

+ + 

4 " 

75 



IS 



10 

++ 

absent 

320 

-- 

— 

— 

91 

‘ * 


4 



5 


Table II 

Essential Hypertension {Cardiac Group) 


Coronary 

sclerosis 

Mural 

hrombosis 

Weight 

kidneys 

Sclerosis 
small and 
medium- 
sized renal 
arteries 

Sclerosis 
of renal 
afferent 
arterioles 

Tubular 

atrophy 

Glomeruli 

Non-Hypertensive 

Hypertensive contracted 

Hyaline 

No 

inflam. 

Focal 

inflam. 

Diffuse 

inflam. 

No 

inflam. 

Focal 

infiam. 

Diffuse 
in flam. 


+++ 

< 

present 

370 

++ 

+ 

- 

per cent 
70 

per cent 



per cent 

per cent 

per cent 

S 

+ 

absent 

290 


++ + + 

+ + 

34 

I 

I 

46 

2 

2 

14 



300 

+++ 

+ 

+ 

47 

2 

4 

37 



10 

? 

absent 

520 

+ 

4 - 

— 

5 S 



IS 


•• 

30 

+++ 

absent 

220 

+++-1- 

++++ 

++ 

18 

3 

2 

73 

I 

* • 

3 

+ + 

absent 

270 

++ 

4 ~ 

+ 

42 

• • 


i 40 



18 


absent 

■ 

4 - 4 - 

4 - 


So 

'1 

• • 


8 


! 

12 
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Table III 


Essential Hypertension {Renal Group) 


Case 

num- 

ber 

Age 

Sex 

Cause of 
death 

Blood 

pressure 

Known 
duration of 
symptoms 

Summary of history 

Blooc 

urea 

nitroge 

1 Bloo 
non- 

;n 

nitrog 

, Uritt 
° phene 
: sulph< 
neph 
thalei 

:> H,. 

weigi 

n 

■t 

It 

36 


f 

uremia 

mm. 

mercury 

280/150 

i 3 years 

3_ years of headaches, dizziness, blur- 
ring of vision and epistaxis. Fund: 
show old hemorrhages. Uremia. 

mg. 
per cen 

■ 37-7f 
1 

mg. 
It fer cci 

i .. 

nl fercet 

I 


37 

37 

f 

tt 

220/120 

I year 

I year of epistaxis, failing vision, poly- 
uria, dyspnea and palpitation. 3 
months of headache, edema and prae- 
cordial pain. Fundi show recent and 
old hemorrhages. Uremia. 

• 58.26 

> 

0 

542 


38 

46 

m 

(1 

227/140 

3 months 

3 months of praecordial pain, dyspnea 
dizziness, edema, nocturia and vomit- 
ing. Albuminuric retinitis. Uremia. 


193 

0 

470 


39 

47 

m 

(C 

245/160 

7 years 

7 years of headaches, weakness and 
nocturia. 3 years of high blood pres- 
sure and impaired vision. Dyspnea 
and edema. Uremia. 

200.4 

1 


775 

40 

50 

f 

u 

260!? 

3 years 

3 years of high blood pressure, dysp- 
nea, headaches and nocturia. 2 years 
ago a cerebral accident. Uremia. 

■ 

III 

1 

485 

41 

50 

m 

a 

high 

3 years 

3 years of heart trouble. A few weeks 
of dyspnea, cyanosis, edema and vom- 
iting. Urenu'a. 

■ 

■ 

■ 

640 

42 

52 

m 

It 1 

240/150 

i I year 

1 year of high blood pressure, weak- 
ness, dyspnea and epistaxis. Cerebral I 
accident with facial paralysis. Uremia, j 

■Hi 

1 13s 

20 

570 

43 

S3 

m 

it 

1 

208/126 

3 years 

3 years of palpitation, epistaxis and 
nocturia. 6 weeks of cough, dyspnea 
and praecordial pain. Fundi show 
exudate and old hemorrhages. Uremia. 

13s 

1 


520 

44 

57 

m 

a 

236/144 

6 years 

6 years of nocturia. 8 months of head- 
ache, blurred vision, epistaxis, dysp- 
nea and weakness. Fundi show old 
hemorrhages. Uremia. 

69 

1 


510 

45 

57 

m 

tt 



3 years of high blood pressure, d}^p- 
nea, praecordial pain, nocturia and 
edema. Months of chronic uremia. 


166 

0 

555 

46 

58 

m 

u 

230/160 

3 years 

3 years ago a cerebral accident. Since 
then, angina pectoris, headaches, 
dyspnea, edema and chronic uremia. 
Fundi show new and old hemorrhages. 


1 

0 

660 

47 

60 

m 

tt 

208/178 

? 

Semi-comatose with clinical uremia. 

■1 

Hi 

— 

590 

48 

69 

f 

a 

200/1 10 

6 months 

{ 

6 months of angina pectoris, weakness, 
palpitation and dyspnea._ Fundi show 
aid hemorrhages. Uremia. 

‘ • 

300 


390 

435 

49 

71 

in 

it 

high 

2 weeks 

< 

2 -weeks of cough, weakness, cyanosis, 
ielirium and twitching. Uremia. 


75 

- ■ ■■ — = 
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Coronary 

sclerosis 



Sclerosis „ , 

small and Sclerosis o’,,!,,.!.- 
medium- o^renaj i-nnw 

siaed renal oHcrent P y 

arteries arterioles 


++++ present 310 +++ ++++ + 










absent 

185 

++++ 

++++ 

absent 

small 

+H — (■+ 

++++ 

absent 

410 

++ 



240 

++++ 

++++ 

absent 

310 

+ 

+ 

present 

380 

+ 

+ 

absent 

400 

++ 

+ 

absent 

320 

4 — f- 

+ 

absent 

400 

++ 

+ 

present 

400 

++ 

++ 

absent 

290 

++++ 

4-4- 



Non-Hypertensive 

_ No 
inflam. 

Focal 

inflam. 

Diffuse 

inflam. 

per cent 

pet cent 

per cent 

S2 



26 

2 

10 






Glomeruli 


Hypertensive contracted Hyaline 


No Focal Diffuse 

inflam. inflam. inflam. 


per cent pet cent per cent per cent 
30 . . . . 18 
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Table IV 


Essential Hypertension {Miscellaneous Group) 


Case 

num- 

ber 

Age 

Sex 

Cause of death 

j 

Blood 

pressure 

Known 
duration of 
symptoms 

Summary of history 

Blood 

urea 

nitrogen 

Blood 

non- 

protein 

nitrogen 

Urine 

phenol 

sulpho- 

neph- 

thalein 

Heart 

weight 


50 

years 

47 

m i 

! 

rupture of 
aorta 

mm. 

mercury 

242/140 

6 years 

6 years of headaches and dyspnea. 
I year of high blood pressure and 
edema. 3 days of acute abdomi- 
nal pain. 

mg. 

per cent 1 

mg. 

per cent 

I per cent 

1 Sm. 

: 1280 


SI 

56 

m 

diabetes 

208/104 

several 

years 

Diabetes for years. Admitted in 
coma and died in 3 days. 


33 

■ 

770 



Table V 

Control Group {Kidneys from Non-Hypertensives in the ^th, 6th, 7th and 8th Decades) 


Case 

number 


Age 


Sex 


Cause of death 


Blood 

pressure 


Heart 

weight 


Coronapf 

sclerosb 


Mural 

thrombosis 


Weight of 
kidneys 


years 

42 


in 


carcinoma stomach 


mm. 

mercury 

120/80 


gm. 

255 


absent 


gm. 

305 


45 


54 


55 


S8 


60 


60 


70 


80 


m 


m 


m 


m 


m 


carcinoma breast 


pulmonary tuberculosis 


carcinoma esophagus 


chronic lymphatic leukemia 


perforated gastric ulcer 


carcinoma esophagus 


lobar pneumonia 


112/76 


small 


normal 


340 


105/75 


260 


120/80 


300 


normal 


260 


104/72 


290 


110/80 


310 


mitral stenosis with decompensation 


120/go 


320 


300 


480 


380 


360 


280 


275 


250 


210 
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Table HI 

Essential Hypertension {Renal Group) 


Sclerosis _ , 

Coronary Mural smajland Sclerosis ^ 

sclerosis thrombosis sized renal afferent atrophy 

arteries arterioles 


++ absent 200 ++++ +++ +++ 


++ absent 215 ++++ ++++ ++++ 


? absent no *1‘"1"“1“*1~ — b 


+ absent 150 +H — 1 — h +- 1 — 1 — b H — I — I — b 


absent 100 ■b*b*b"b •^■■b'bd* "b'b'b'b 


+ absent 380 ++++ +++ ++++ 


+++ absent 300 ++++ ++++ ++++ 


+ absent 163 +++ ++++ ++++ 



? absent 195 ++++ ++++ ++++ 


+++ absent 220 ++++ ++++ ++++ 


absent 130 ++++ ++++ 


+++ 

absent 

80 

++++ 

“h 

absent 

2SS 

+ T + + 

































































































































MCGREGOR 


362 

No one of the fifty-one cases happened to have the acute inflam- 
matory arteritis described by Fahr or the arteriolar necrosis with 
glomerular infarction seen by Bell and Clawson. Inflammatory 

Table VI 


Summary of Glomerular Lesions 



Number 
of cases 

Average 

age 

Non-Hyper- 
tensive _ 
glomeruli 

Hyper- 

tensive 

contracted 

glomeruli 

Hyaline 

glomeruli 

Non-hypertensive control group 

9 

years ' 
S8 

average 
per cent 

96.2 

average 

Per cent 

0.8 

average 
per cent 

4 

Essential hypertension cerebral group 

16 

59 

63 

24 

13 

Essential hypertension cardiac group 

19 

55 

52 

33 

rS 

Essential hypertension miscellaneous 
group 

2 

■ 

44 

48 

8 

Essential hypertension renal group 

14 

52 

20 

47 

33 


glomeruli in my series usually have arterioles with a very marked 
degree of sclerosis or thrombosis extending up to or through the 
hilum. 

Table V shows that there is no arteriolosclerosis in the control 
group. Two of the cerebral group also show no arteriolosclerosis 
(Table I, cases 14 and r6) although they have a small percentage of 
h3^ertensive glomeruh. This discrepancy may be due to the re- 
lative size of glomeruh and arterioles, the former being easier to 
find than the latter. 

The interlobular, small and medium-sized arteries of the kidneys 
show the changes described by others, namely, intimal athero- 
sclerosis and hyperplastic elastic tissue intimal thickening. As 
noted in Table V, four of the control series have a mild degree of 
this sclerosis. 

Discussion 

The glomeruh in essential hypertension are usually described as 
normal. In my series of fifty-one cases the renal group averages 
only 20 per cent normal glomeruli, the miscehaneous group 44 per 
cent, the cardiac group 52 per cent and the cerebral group 63 per 
cent. Nine non-h37pertensive controls from the fifth, sixth, seventh 
and eighth decades average 96.2 per cent normal glomeruh (Figs. 
I and 3). 
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McGKEGOR 


Inflammatory glomenfli (Fig. 5) may occur in all types of es- 
sential hypertension and it is not justifiable to separate benign 
(without renal insufficiency) and malignant (with renal insuf- 
ficiency) on such lesions. However, the greatest number of inflam- 
matory glomeruli is found in the renal group (Table III) and a high 
percentage is usually infficative of a uremic death. All cases in the 
uremic group of this series show glomeruli with inflammatory 
lesions. The changes in these glomeruli are considered inflammatory 
rather than vascular in origin because they are generally identical 
with the intracapillary lesions of glomerulonephritis. 

It has been suggested by others that the younger patients dying 
of essential hypertension have a greater number of inflammatory 
glomeruli. My series does not support such a view, for Cases 47 and 
48, aged 60 and 69 years respectively, have the greatest inflam- 
matory change. Neither is the highest percentage of hypertensive 
contracted glomeruli found in younger cases. Cases 21 and 49 who 
were 55 and 71 years of age have the greatest number of such glo- 
meruli. There are not sufficient data available to determine the cor- 
relation between duration of symptoms and percentage of hyper- 
tensive glomeruli. 

The renal group of essential h3rpertension has much in common 
clinically and microscopically with those cases of chronic glomerulo- 
nephritis which have severe vascular disease. Death is from uremia 
in both conditions and microscopically both show arteriolosclerosis 
and inflammatory glomeruli. However, in the kidney of chronic 
glomerulonephritis almost all the glomeruli are diffusely inflamed, 
while there are rare hypertensive and practically no normal glo- 
meruli. On the other hand, the renal hypertensive kidney has a 
small number of diffusely inflamed glomeruli, a larger number with 
focal lesions, a high percentage of hypertensive glomeruli and a 
definite proportion of normal glomeruli. An anihn blue stain shows 
that glomerulonephritis is an intracapillary obstruction of the tufts 
while essential hypertension is a change in the glomerular base- 
ment membrane. 

Conclusions 

I. The glomerular lesion of essential hypertension is as typical 
as the arteriolar lesion. It consists of a decrease in size and a sim- 
plification of the glomerulus with a marked thickening and wrin- 
kling of the glomerular basement membrane. 
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All fifty-one cases show the presence of a typical glomerulus 
with a thickened wrinkled basement membrane (Figs. 2 and 4). 
The average percentage of such glomeruli is 48 in the renal and 
miscellaneous groups, 31 in the cardiac group and 25 in the cerebral 
group. In all except Case 16 these hypertensive contracted glo- 
meruli are present in suf&cient numbers to indicate the diagnosis. 
It is interesting that this case according to the data available is un- 
doubtedly primary h3rpertension and yet there is no cardiac hyper- 
trophy and no arteriolosclerosis. 

Hypertensive contracted glomeruli are most numerous in kidneys 
with extensive arteriolosclerosis (Tables I, II, III and IV). Micro- 
scopically either lesion may be considered indicative of clinical 
hypertension. In early cases it is simpler to look for hypertensive 
glomeruh than for arteriolar disease. 

The thickening of the glomerular basement membrane may be 
the result of a spasm of the tuft or of atrophy due to ischemia or to 
partial disuse. Serial sections show that sclerosed arterioles may 
lead to normal glomeruli but that hypertensive glomeruli always 
have narrowed arterioles. These two facts suggest that the arteriolar 
lesion precedes and is related to the glomerular change. The portion 
of the afferent vessel close to the h)rpertensive glomerulus is usually 
normal. The subendothelial hyaline deposit with its resultant nar- 
rowing of the lumen is some distance from the glomerulus. 

There are all transitions from normal to h)^ertensive hyaline 
glomeruli. 

Bell “ has described a diffuse thickening of the basement mem- 
brane in all the glomeruh in three cases of hpoid nephrosis. There 
was no hypertension, no tubular atrophy and no arteriosclerosis. 
Evidently a glomerular basement membrane thickening need not be 
secondary to vascular disease. The glomeruli in such a type of 
lipoid nephrosis are normal in size and lobulation, in contrast to the 
glomeruh of hypertension which are smaU with a decreased niunber 
of loops. Also, in these three cases of hpoid nephrosis the basement 
membrane of all the glomeruh is involved while in hypertension the 
percentage varies. 

The glomenilar tuft may be thought of as a filter with the glo- 
merular basement membrane as the gel lying between endothelium 
and epithelium. The greatly increased thickness of the gel in hyper- 
tensive glomeruh must alter its permeabihty. This change may 
explain the urinary albmnin in such cases. 
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DESCRIPTION OF PLATES 
Plate 75 

Fig. I. A normal glomerulus from Case 49. Essential hypertension with 
death from uremia in a man of 71 years. Only 20 per cent of his glomeruli 
were normal. The photomicrograph shows (i) the normal thinness and 
continuity of the glomerular basement membrane which forms the middle 
layer of the wall of the tuft, (2) the continuous layer of glomerular epithe- 
lium lying external and adjacent to the membrane, and (3) a few endothe- 
lial cells lining the internal surface of the membrane. Stain, Mallory- 
Heidenhain azan carmine, x 500. 

Fig. 2. A hypertensive contracted glomerulus from Case 37. Essential hyper- 
tension with death from uremia in a woman 37 years of age. Seventy- 
one per cent of her glomeruli were of this type. The photomicrograph 
shows (i) a small simplified glomerulus with many less loops than normal, 
and (2) a marked thickening and wrinkling of the glomerular basement 
membrane. Stain, Mallory-Heidenhain azan carmine, x 
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In this series of fifty-one cases, the average percentage of such 
glomeruli is 47 in the renal group (death from uremia), 33 in the 
cardiac group (death from myocardial insufl&ciency or coronary 
disease), and 24 in the cerebral group (death from apoplexy). 

2. The arteriolosclerosis precedes and is related to the change in 
the glomerular basement membrane. 

3. Kidneys from individuals d3dng in the fifth, sixth, seventh and 
eighth decades with a history of normal blood pressure show 96.2 
per cent normal glomeruli. A rare hypertensive contracted glom- 
erulus may be found. 

4. There are inflammatory glomeruli in any type of essential 
h3^ertension but they are most numerous in the renal group. The 
lesions are usually focal and as many as 15 per cent of the glomeruh 
may be involved. 

5. Anilin blue (Mallory-Heidenhain azan carmine) is recom- 
mended as a routine stain for kidney tissue. It is particularly help- 
ful to differentiate the renal group of essential hypertension from 
those cases of chronic glomerulonephritis which have extensive 
vascular disease. 

Note: I am indebted to Dr. F. B. Mallory for suggestions and 
criticism and also for the photomicrographs. 
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Plate 76 


Fig. 3. Two normal loops from a normal glomerulus. Case 50. Essential 
hypertension with death from rupture of the aorta in a man 47 years of 
age. Only 18 per cent of his glomeruli were normal. The photomicrograph 
shows (i) the thinness of the normal glomerular basement membrane, and 
(2) the continuous covering layer of glomerular epithelial cytoplasm. There 
are four nuclei in the field of which the upper one and the lower two are 
external to the basement membrane and are epithelial. The fourth nucleus 
which lies in the center of the group is internal to the basement membrane 
and is endothelial. Stain, Masson’s rapid method with iron hematoxylin 
substituted for the azo carmine in the Mallory-Heidenhain azan carmine 
technique, x 1 500. 

' Fig., 4. Two loops from a hypertensive contracted glomerulus. Case 50 
(same as Fig. 3). Essential hypertension with death from rupture of the 
aorta in a man 47 years of age. Seventy-one per cent of his glomeruli were 
of the type in this illustration. The photomicrograph shows (i) a marked 
thickening and wrinkling of the glomerular basement membrane (contrast 
with Fig. 3), (2) normal glomerular epithelium external to the membrane, 
and (3) normal glomerular endothelium internal to the membrane. Stain, 
the same as in Fig. 3. x 1500. 

Fig. 5. A glomerulus showing diffuse acute inflammation. Case 21. Essential 
hypertension with death from cardiac decompensation in a man 55 years 
of age. Only 2 per cent of such glomeruli were found. The photomicro- 
graph shows (i) an enlarged glomerulus, (2) glomerular epithelium which 
is swollen and undergoing hyaline granular degeneration, (3) a glomerular 
basement membrane of normal thinness, and (4) obstruction to the circula- 
tion by intracapillary fibers and proliferated endothelium. The loops on the 
right contain mononuclear cells filled with fat. (5) In the upper left portion 
of the field, an arteriole with an irregular subendothelial deposit of hyalin 
is seen. Stain, the same as in Fig. 3. x 500. 
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creased to 444,000 cells per cmm., with a differential count showing 
90 to 96 per cent small lymphocytes. 

It is not necessary to review again the hterature relating to 
tumors of the lymphatic apparatus associated with leukemias since 
this has been adequately covered by Flashman and Leopold, who 
in addition have included an excellent bibliography. 

Report oe Case 

Clinical History: R. J. W., a white male, aged 61 years, steeplejack by oc- 
cupation, entered the medical wards of the Boston City Hospital on November 
23, 1925, complaining of distention of the abdomen, swelling of the right leg and 
the left ankle, and enlargement of the inguinal group of lymph nodes. 

Present Illness: The patient was in moderately good health untU about eight 
weeks prior to entry, when he first noticed swelling of his abdomen. About 
three weeks later his right leg became red and began to swell, and a week or 
two after this he noticed a similar swelling of his left ankle. He was indefinite 
about the duration of the enlarged nodes in the groin, but realized they had been 
present for several weeks. 

Past History: He had recurrent attacks of bleeding hemorrhoids for eighteen 
years previous to an operation April 12, 1923. At this time the surgical records 
indicate that he had a chain of small discrete non-tender lymph nodes above 
Poupart’s ligament on both sides. His past history was otherwise entirely 
negative. 

Physical Examination: There wa^ an enlargement of all superficial lymph 
nodes; this was particularly noticeable in the inguinal regions. The abdomen 
was distended but there was neither shifting dullness nor a fluid wave. An in- 
definite mass was felt in the left upper quadrant that was thought to be the 
spleen. The right leg and thigh were edematous and reddened; the left leg was 
edematous to the knee. 

The rest of the physical examination including an X-ray of the chest revealed 
no further positive findings. 

Laboratory Examination: The white blood cell count was 11,600 with 44 per 
cent lymphocytes; the red blood cells, 4,728,000, and the hemoglobin 75 per 
cent. 

On November 27, 1925, four days after admission, the first biopsy tissue from 
a node removed from the left axilla was diagnosed as a “slowly growing lympho- 
blastoma.” 


Report on First Biopsy Specimen 

The specimen (S 2 5-2 670) consists of an encapsulated lymph 
node about 2 cm. in diameter. The fresh surface is homogeneous, 
duU, white and gelatinous. 

Microscopically, in one or two areas the normal markings are 
entirely obliterated by a homogeneous diffuse growth of lympho- 
cytes. Elsewhere the lymphocytes are growing in rather densely 



A CASE OF LYMPHOBLASTOMA, HODGKIN’S DISEASE AND 
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In recent years the study of tumors of the lymphatic system has 
received unusually widespread attention both in regard to etiology 
and classification. Many types have been described, usually how- 
ever in an uncomplicated form, but occasionally associated with 
tuberculosis or tumors of another kind. A case of aleukemic lym- 
phatic leukemia that later developed lymphatic leukemia, and at 
autopsy showed in addition Hodgkin’s disease and tuberculosis, 
forms the basis for this report. 

Richter^ recently reported a case of generahzed reticulum cell 
sarcoma of the lymph nodes associated with lymphatic leukemia. 
The patient, a male 46 years of age, entered the hospital with en- 
larged cervical lymph nodes which had been present about seven 
weeks. His red blood cell count was 3,700,000, and he had a leuco- 
cytosis of 98,400, go per cent of which were lymphocytes. His con- 
dition became progressively worse and he died about three weeks 
after admission. At the time of death the reticulum cell sarcoma 
was the more actively growing lesion, but the wide distribution and 
relative quiescence of the leukemic foci indicated the long and 
probably earher existence of the latter. 

Still more recently Flashman and Leopold ^ reported a case in an 
elderly male beginning with a primary retroperitoneal lympho- 
sarcoma and terminating with leukemia. Tissue obtained by 
biopsy from the inguinal lymph nodes that had been enlarged for 
twelve months revealed a lymphosarcoma. The patient was given 
a long series of Roentgen-ray treatments lasting over four months. 
The blood picture remained unchanged till the last week or two of 
these treatments when the white count rose to 96,000 cells per cmm., 
\wth 90 per cent small lymphocytes. The patient lived three weeks 
longer, and during that time the white blood count rapidly in- 
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103° F, On May 5, the node was incised and drained, and in forty-eight hours 
the temperature returned to normal. 

At this time, the blood picture changed, and a count taken on May 13 showed 
only 10,000 white blood cells, and of these only 22 per cent were lymphocytes. 

He remained in the hospital almost three months, and on Jime 6, 1927 when 
he was discharged he felt much better. The swelling of the legs had disappeared 
but there was still a moderate degree of ascites. 

Three months more elapsed until he was readmitted on September 9, 1927, 
for the third time. After leaving the hospital in June he spent most of his time 
camping in the woods and was fairly free from symptoms till August when his 
ankles began to swell, and the edema gradually extended toward the body. 
His abdomen became more distended, the genitals were swollen and he once 
again developed shortness of breath. 

A physical examination on his third admission again revealed considerable 
edema of both legs and scrotum, and marked distention of the abdomen. The 
blood picture at this time showed 11,000 white blood cells, with 34 per cent 
l3miphocytes, 39 per cent polymorphonuclear leucocytes and 7 per cent mono- 
cytes. 

On September 16, 1927, that is, one week after admission, his abdomen was 
tapped and 15,000 cc.'of chylous fluid were withdrawn. An examination of 
this fluid showed 160,000 l3miphocytes per cmm., and this high cell count was 
considered an adequate cause for the turbidity of the fluid. 

Roentgen-ray therapy was started almost immediately, but the patient’s 
condition grew worse, he became dyspneic and developed r^es at both bases. 

On November ii, 1927, an axillary lymph node was removed for biopsy and 
the microscopic diagnosis “suggested chronic inflammation rather than tumor 
but a positive diagnosis was not possible.” 

Report or Third Biopsy Specimen 

The specimen (S27-2637) is a small, moderately firm, encapsu- 
lated l3rmph node about 2 cm. in diameter. 

Microscopically this l3rmph node resembles the second biopsy 
specimen. The normal architecture of the node in places is well 
preserved, and there are many normal lymph -nodules with well 
differentiated germinal centers. In addition there are other nodules 
composed of solid masses of uniformly mature lymphocytes. The 
■' capsule, pulp and trabeculae are infiltrated with l3mphocytes, but 
the peripheral sinus is quite patent. 

Progress Note {Continued): On November 18, 1927, he was again tapped and 
5000 cc. of chylous fluid were withdrawn. About a week later another series of 
X-ray exposures was begun, each of which was followed by twenty-four hours 
of vomiting and diarrhoea. On December 16, 1927, a fourth lymph node was 
removed for examination and this was diagnosed “lymphoblastoma.” 
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packed nodules and cords without differentiated germinal centers. 
There is fusion of both nodules and cords, infiltration of both pulp 
and capsule and almost complete obliteration of the sinuses. 

The cells resemble small mature lymphocytes. There are a few 
lymphoblasts and a few polymorphonuclear leucocytes, including 
an occasional eosinophile. 

Progress Note: The patient’s condition was unchanged for about ten days 
and on December 5, 1925, a second lymph node was obtained for microscopic 
examination and diagnosed “h5Tperplasia of l3Tnphoid tissue.” 


Report on Second Biopsy Specimen 

The specimen (S 2 5-2 7 53) consists of a small, soft, red, irregular 
piece of tissue 2 by i by i cm. 

This lymph node has many normal-appearing nodules, with well 
differentiated germinal centers composed of large young lympho- 
cytes, and lymphoblasts in which mitoses are numerous. As in the 
previous biopsy both stroma and capsule are infiltrated with small 
mature lymphocytes, but the sinuses are not obliterated, and here 
and there one is distended with mature lymphocytes. 

Progress Note (Continued): During the succeeding four weeks the patient 
received four X-ray treatments. The edema and redness of the legs disappeared 
but the abdomen remained distended. The white blood count varied from 
14,100 on December 12, 1925, to 5,600 on December 22, 1925, with an average 
throughout of 50 per cent lymphocytes. ^Vhile in the hospital his weight fell 
from 158 to 144 pounds. On January 6, 1926 he was discharged feeling better 
and relatively free from symptoms. 

On March 25, 1927 he reentered the hospital for the second time, after being 
out just a little more than a year, but in the interval he was kept under observa- 
tion in the out-patient department. He was fairly well until two weeks before 
second admission when his abdomen became more distended, and the swell- 
ing of his legs, which had returned somewhat soon after he left the hospital, 
became more marked at about this time; he also developed shortness of breath 
on exertion. 

A physical examination showed marked distention of the abdomen, shifting 
dullness and a fluid wave. There was general lymph node enlargement as be- 
fore, but the nodes in the inguinal region were larger. His spleen was readily 
palpable. 

The white blood count showed 59,000 cells per cmm., 92 per cent of which 
were Ijunphocytes. 

The abdomen was tapped and 4000 cc. of chylous fluid were withdrawn, and 
for several days this fluid continued to drain away. 

On April 30, 1927, an infection developed in a Ijunph node in his left groin; 
this progressed for several days causing a fever which went as high as 102° and 
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elapsed after this before the patient died and never during this time 
did the normal total and differential count show an appreciable 
variation. 

Clinical Diagnosis: Aleukemic leukemia with reversal of white 
blood cell count. 

Autopsy Report 

An autopsy (A28-319) was performed on September 8, four hours 
postmortem. The body is poorly developed and emaciated. The 
abdomen is distended and fluctuant and the lower extremities are 
considerably edematous. Both axillary and inguinal lymph nodes 
are palpable bilaterally. There is very little subcutaneous fat and 
the pectoral and abdominal muscles are atrophic. 

Peritoneal Cavity: The surfaces are dull, rather opaque, and 
roughened by fine sand-like granulations. A thin fibrinous exudate 
covers the capsule of both spleen and liver. The cavity contains 
4000 cc. of milk-hke fluid. The mesenteric and iliac lymph nodes 
are greatly enlarged. The spleen is larger than normal, roughened 
and bound to the diaphragm by old fibrous adhesions. 

Pleural Cavities: The left contains about 25 cc. of milk-like fluid; 
the right contains a similar amount, but this is watery and blood- 
tinged. The lower lobe of the right lung is firmly bound to the chest 
wall and diaphragm. 

Heart: Weight 250 gm., is rather small and unusually soft. 
There is considerable gelatinous atrophic fat beneath the epicardium. 
The myocardium is smooth, homogeneous and dark brown. The 
endocardium and valves are negative, but the coronary arteries are 
moderately atheromatous. 

Lungs: There are several nodules in the upper lobe of the left 
lung that are firm, discrete, and vary from 0.5 to 2 cm. in diameter. 

Spleen: Weight 350 gm. It is rough, nodular and firm. The 
fresh surfaces are homogeneous and red showing no visible mal- 
pighian bodies. 

Gastro-Intestinal Tract: Lying at the duodenojejunal junction is 
a single, firm area of chronic ulceration 2 cm. in diameter extending 
into and beneath the mucosa. 

Pancreas: This is very deeply embedded in enlarged lymph 
nodes and connective tissue. 

Liver: Weight 1500 gm. The capsule is loosely covered with a 
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Report on Fourth Biopsy Specimen 

The specimen (S 2 7-2 970) is a soft irregular piece of tissue 2 by i 
by I cm. 

Microscopically, the normal architecture is obliterated by a 
diffuse growth of mature lymphocytes. The capsule is thinned and 
infiltrated with lymphocytes. There are no distinct lymph nodules, 
and only in a few places can the peripheral sinus still be made out. 
There is an occasional large tumor giant cell of the so-called Stern- 
berg or Dorothy Reed type. 

Progress Note {Continued): Soon after the last series of Roentgen-ray treat- 
ments was started he began steadily to improve. 

In the latter part of January 1928 the ascites had almost cleared up and he 
was up and about the ward most of the time. Five or six months passed with 
little or no change before the lymph nodes in the inguinal region began to en- 
large, and his abdomen again began to fill, but repeated blood counts taken 
throughout this time showed a normal number of white blood cells and normal 
differential values. 

From about the first of August until the patient’s death in September, the 
general condition grew progressively worse. The abdomen continued to fill and 
the resulting ascites had to be relieved on several occasions. His appetite 
diminished, he lost considerable weight and on September 8, 1928, just about 
three years after his first admission, he died. 

Summary op Clinical History 

A male, 61 years of age, entered the hospital with some abdominal 
distention, palpable superficial lymph nodes, a normal total white 
blood count, but with a relatively high lymphocyte value of 44 per 
cent. A biopsy specimen taken at this time was diagnosed lympho- 
blastoma of the type consistent with aleukemic leukemia. 

After an interval of about a year and a half the patient was re- 
admitted, again showing abdominal distention and general lymph 
node enlargement. At this time, the white blood count was about 
60,000 cells per cmm., with 90 per cent l3miphocytes, and the case 
was diagnosed “lymphatic leukemia.” He had been in the hospital 
only about six weeks when an acute lymphnoditis developed in one 
of his inguinal lymph nodes. He became acutely ill and his tempera- 
ture rose to 103° F. The node was drained and -after forty-eight 
hours he felt better and his temperature returned to normal. 

At this time his white blood coimt was only 10,000, and his dif- 
ferential count taken repeatedly was normal. More than a year 
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Lyings: Sections taken through the nodules that in gross were 
considered to be tumor metastases, show old and recent tuberculous 
lesions. Irregular areas of necrosis are surrounded by a chronic 
inflammatory reaction in which are many solitary tubercles. The 
walls of a few of the medium-sized vessels are involved in this 
tuberculous process, and the lumina are almost completely throm- 
bosed. The surrounding lung tissue is moderately atelectatic with 
the alveoh partially fiUed with fibrin and endothelial leucocytes. 

Spleen: The spleen shows several different lesions. Miliary 
tubercles are scattered throughout the pulp. There are small 
discrete areas composed entirely of cells resembling those of the 
Hodgkin’s type of tumor cell; most of these areas lie in the pulp, 
but occasionally they are found bulging up beneath the endothelium 
of the larger vessels. There are also nmnerous, rather discrete foci 
of mature lymphocytes l3dng beneath the endothelium of similar 
vessels. The connective tissue of the piflp is generally increased 
throughout. The endothelial cells lining the sinuses are hyper- 
trophied and show occasional mitoses, while endothelial leucocytes 
within the sinuses contain both red blood cells and blood pigment. 
A dense layer of hyaline connective tissue covers the capsule and 
superimposed on this is a layer of granulation tissue containing many 
young tubercles. 

Liver: Sections show numerous small, discrete and confluent foci 
of mature lymphocytes. Many of these foci are in and about portal 
areas while others are scattered throughout the lobules. Nowhere 
is there a suggestion of either compression or invasion of liver 
parenchyma. 

Sohtary and conglomerate tubercles are scattered throughout, 
and many of these are situated in the portal areas lying either along 
the margin or entirely within the nodules of lymphocytes. 

There are also larger discrete areas composed of cells of the Hodg- 
kin’s type, similar to those already described in the spleen. These 
cells are growing rapidly and compressing and invading the sur- 
rounding parenchyma. 

Owing to the presence of the masses of lymphocytes the bile ducts 
in the portal areas are elongated. Where much of the l3mphoid 
tissue has disappeared, the increase in connective tissue and the 
elongation and apparent increase in the number of bile ducts produce 
a picture simulating that of healed obstructive cirrhosis. 
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delicate, lacy, fibrinous exudate. The fresh surface of the fiver is 
reddish brown and stippled throughout with very minute fine 
white nodules. 

Kidneys: Weight 200 gm. They are small and firm and the cap- 
sules strip from very finely granular surfaces. The cut surface is 
pale and the finer markings are poorly differentiated. Both pelves 
and ureters are slightly dilated; the latter pass directly through en- 
larged groups of iliac lymph nodes but are not grossly constricted 
in these areas. 

Aorta: Superficial atheromatous ulcers are distributed throughout 
both thoracic and abdominal portions. The lower end of the aorta 
and both common iliac arteries are completely encircled by en- 
larged lymph nodes. 

Bone Marrow: Both vertebral and femoral marrows are red. 

Lymph Nodes: There is a general enlargement of the lymph nodes 
throughout the body, which is especially noticeable in the abdomen 
and pelvis. The nodes are firm, discrete, gray or grayish pink, and 
vary considerably in size. Some nodes show multiple minute foci of 
necrosis, whereas others, equally large and nearby, show minute 
hemorrhages but no necrosis. The largest group of nodes is in the 
mesentery of the. small intestine; here they are adherent but quite 
discrete, and vary from 2 to 6 cm. in diameter. The l3miphatics 
lying in the mesentery between the intestine and the enlarged nodes 
stand out as thin yellowish white fines. 

Examination of Fluid in Peritoneum: The milky appearance com- 
pletely clears on the addition of ether, and shaking. Smears of 
sediment stained both vitally and in fixed preparations show very 
many lymphocytes, some polymorphonuclear and endothelial 
leucocytes, and few desquamated mesothefial cells. 

Anatomical Diagnoses: Malignant tumor of lymph nodes with 
metastases to fiver and lung; chylous ascites; healed pleuritis; 
splenomegaly with chronic perisplenitis; chronic ulcer of jejunmn. 

Microscopic Report 

Heart: The epicardium is composed largely of atrophic fat which 
contains several small foci of mature l3nnphocytes. The vessels are 
sclerosed and the muscle fibers show atrophy and considerable 
pigmentation. 
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Lymph Node 2: This node, which lay adjacent to the one just 
described, shows almost no lymphoid tissue. About the periphery 
is a zone of granulation tissue with a few tubercles and many tu- 
berculous giant cells. The remainder of the node is composed simply 
of necrotic cellular debris. 

The diagnosis of this node is tuberculosis with extensive necrosis. 

Ly^nph Node 3: In this node, the normal architecture is largely 
replaced by a fairly homogeneous growth of mature lymphocytes. 
The capsule and pulp are infiltrated with l3rmphocytes, and the 
peripheral and medullary sinuses are almost obliterated. In ad- 
dition, this node shows not only solitary tubercles but also an area 
composed entirely of large pleomorphic cells growing rapidly and 
invading the surrounding lymphoid tissue. 

The microscopic diagnosis is probable lymphoblastoma associated 
with both Hodgkin’s disease and tuberculosis. 

Lymph Node 4: This node differs from the others so far described. 
Except for a few small islands of mature lymphocytes, it is composed 
entirely of cells that are rather uniform both in size and shape. 
They are smaller than the Hodgkin’s cells and larger than l3rmpho- 
cytes. The cytoplasm is homogeneous and lightly basophilic. The 
nuclei vary somewhat in size, and the nuclear membrane is crinated 
and quite irregular. There is little chromatin and this is arranged 
in a delicate network throughout the nucleus. The nucleolus is 
strikingly prominent. Mitoses in these cells are numerous and very 
rarely there are multiple mitoses and large multinucleated tumor 
giant cells. 

The t3q)e cell so closely resembles the large lymphoblast that such 
a node may also be classified as a l3rmphoblastoma, but the picture 
is quite different from that in which the tumor cell is the small 
mature l3Tnphocyte. 

Lymph Node 5; In this node the picture is stiff more complicated. 
There are no normal landmarks except a few scattered nodules of 
mature lymphocytes. The remainder of the node is composed of 
rapidly growing tumor cells which in some fields resemble Hodgkin’s 
cells and in others lymphoblasts, but in many places the cells are 
all intermingled and here it is impossible to distinguish one cell 
from another. 

Lymph Node 6: This is composed almost entirely of Hodgkin’s 
tumor cells. Both nucleus and cytoplasm of these cells vary widely 
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The endothelial cells lining the sinuses are hypertrophied and 
unusually prominent. 

Pancreas: Solitary tubercles are distributed over the peritoneal 
surface and within the stroma of the pancreas. There is slight 
sclerosis of both larger vessels and acinar tissue. 

Parietal Peritoneum: This is thickened by a layer of granulation 
tissue containing many solitary tubercles. 

Intestine: Section from the jejunum shows a chronic ulcer ex- 
tending through the submucosa into the circular muscle. Miliary 
tubercles are scattered along the surface of the ulcer and also along 
the thickened serosa. 

Kidney: There is moderate sclerosis of the cortical portion of the 
kidney with atrophy and disappearance of many of the tubules. 

Adrenal: The medulla is moderately infiltrated with mature 
lymphocytes and collections of endothelial leucocytes are found in 
the cortex. 

Aorta: The intima shows hyaline thickening with organization 
of fibrin along the surface. 

Bone Marrow: hliliary tubercles and small foci of mature lympho- 
cytes are seen in the vertebral marrow. The femoral marrow con- 
tains a considerable amount of lymphoid tissue, in addition to show- 
ing a moderate degree of hematopoiesis. 

Lymph Nodes: There is a wide variation in the histological 
picture of the many lymph nodes examined. Not only do nodes 
from widely separated areas differ but also those lying side by side. 
Furthermore, many individual nodes show not merely one, but two, 
and sometimes three distinct pathological lesions. Because of the 
varied and unusual character of the lymphoid tissue, only a few of 
the most typical nodes will be described in detail. 

Lymph Node i: This node is characterized by the presence of 
many nodules of mature lymphocytes. The stroma and capsule are 
infiltrated with these cells. The medullary and peripheral sinuses 
contain clusters of lymphocytes as well as many phagocytic endo- 
thelial leucocytes. There are no mitoses and no tumor giant cells. 

Solitary and conglomerate tubercles are distributed in the per- 
iphery. 

The histological diagnosis of such a node lies between Ijunpho- 
blastoma composed of mature lymphocytes, and chronic inflam- 
mation; and in either case the picture is comphcated by tuberculosis. 
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Discussion 

This case, in some respects, is not unlike that of Richter’s, and 
the two cases offer many problems in common. First, there is the 
question of whether lymphoblastoma and Hodgkin’s disease should 
be regarded as true neoplasms; second, has the development of any 
one of these three lesions, namely, the lymphoblastoma composed of 
mature lymphocytes, that composed of large young lymphoblasts 
and lastly the Hodgkin’s type of tumor, been dependent on the 
existence of either of the remaining two, or should the three types of 
lesions found at autopsy be considered genetically independent; 
third, should the aleukemic leukemia be considered the primary 
disease; and lastly, what relation does tuberculosis bear to the other 
lesions? 

Histologically, the tumor composed of mature lymphocytes,, 
which apparently involved the l3nnphoid tissue throughout the body,, 
was probably the first to develop. It has a very general distribution 
not only in lymph nodes but also in the spleen, liver and bone 
marrow. 

At the time of the autopsy there was almost complete cessation 
in the proliferation of mature lymphocytes. In lymph nodes, spleen 
and liver, mitoses in these cells were practically absent, and in many 
areas, especially in the hver, there was already considerable hyaline: 
change. Thus, if this is to be considered a true tumor it is rapidly 
showing a spontaneous regression. 

In regard to the large tumor lymphoblasts and Hodgkin’s cells, 
they were multipl3dng rapidly and invading the surrounding tissue; 
each produced metastases in both spleen and liver, and in many 
widely separated lymph nodes. 

It would appear that the patient had had for some time a slowly 
growing chronic type of aleukemic leukemia, and that this, perhaps 
as the result of an additional stimulation, exerted a demand on a. 
more primitive cell, namely the lymphoblast, and that this in turn 
was followed by prohferation of a still more primitive ceU, the 
Hodgkin’s cell, which, at the time of death, was showing ah. the signs 
of a very rapidly growing malignant tumor. However, such a pro- 
gression of changes may only be conjectured since the possibility of 
complete independence can not be disproved. 

The condition of an aleukemic leukemia changing to a manifest 
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in size, shape and staining. The nucleolus may be single or multiple 
and in either case it is large, deeply basophilic and very prominent. 
Multinucleated tumor giant cells as well as single and multiple 
mitoses are common. In addition, solitary tubercles are distributed 
among the tumor cells. 

Lymph Node 7: The greater portion of this node resembles a 
slowly growing lymphoblastoma composed of mature lymphocytes. 
Invading the sinuses at one end are clusters of rather uniform cells 
suggesting young lymphoblasts. In another field there is a mass of 
Hodgkin’s cells extending into the surrounding lymphocytes. 
Lastly, solitary and conglomerate tubercles are found in among 
both the Hodgkin’s cells and the lymphocytes. Hence, the picture 
is one of lymphoblastoma, Hodgkin’s disease and tuberculosis. 

Microscopic Diagnoses: Lymphoblastoma; Hodgkin’s disease; 
tuberculosis; atrophy of the myocardium; arteriosclerosis; chronic 
vascular nephritis. 

Bacteriological Diagnoses: Fluid from the peritoneal cavity was 
injected into four guinea pigs. Two of these were autopsied at the 
end of six weeks and showed generalized tuberculosis. The remain- 
ing two died at the end of eight and ten weeks respectively showing 
still more widespread tuberculous lesions. 

Material from one of the first guinea pigs was transferred to a 
second and this again was transferred further, while attempts were 
being made to obtain cultures of the tubercle bacillus. Finally, a 
culture was obtained from the fifth transfer pig. The organisms 
grew fairly rapidly and culturally resembled either the human or 
bovine t3^e of B. tnbercnlosis. A heavy emulsion of this culture 
was injected intravenously in a rabbit and intrap eritoneaUy into a 
guinea pig. The guinea pig died seventy-four days after inoculation 
and at autopsy showed extensive tuberculosis of the spleen, liver, 
omentum and lungs. The rabbit remained weU and was killed four 
and one-half months after the inoculation. At autopsy, the only 
pathological changes found were a few small tubercles at the periph- 
ery of both lungs. Microscopically, these were tubercles of the cel- 
lular t}’pe and contained a few acid-fast bacilli. 

On the basis of its virulence for guinea pigs and relative avirulence 
for rabbits, the organism was considered a human type of tubercle 
bacillus. 
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DESCRIPTION OF PLATES 
Plate 77 

Fig. I. Liver. On the left is a tubercle, and on the right a periportal leukemic 
infiltration. The cells of the latter are small, adult lymphocytes, x 250. 

Fig. 2. Lymph node. On the left is a tubercle with a Langhan’s giant cell in 
the center. On the right is an area of Hodgkin’s disease. This area consists 
of large cells with irregularly shaped nuclei with prominent chromatin, 
and of small lymphocytes. Between the two types of lesions is a band of 
small lymphocytes, x 250. 
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leukemia is well recognized and is not an extremely unusual cyto- 
logical finding; however, a case that shows these changes and then 
later develops a complete reversal of count is very much more un- 
common. The presence of an acute infection has been reported as a 
cause for the reversal of count, and in this case, an acute lymph- 
adenitis associated with a very severe systemic reaction might 
readily account for the change in the blood picture. 

For years the frequent association of Hodgkin’s disease with 
tuberculosis has been the subject of numerous papers, and Stern- 
berg ® as early as 1898 maintained that Hodgkin’s disease and tu- 
berculosis were caused by a common etiological agent. This problem 
has been carried on recently by L’Esperance,'* who undertook to de- 
termine whether a relationship might exist between avian tubercu- 
losis and Hodgkin’s disease, and her report, though based on a 
relatively small series of experiments, at least suggests that the avian 
tubercle baciUi may be a factor in producing some of the lesions 
interpreted as Hodgkin’s disease. 

The human type of tubercle bacillus was isolated from this case, 
and it had probably been active in the body for some time since the 
areas of tuberculosis in the lungs were definitely chronic lesions of 
months or years duration. The tuberculous lesions in the liver, 
spleen and lymph nodes on the other band resembled miliary tu- 
bercles and were of recent origin. It is possible that the tubercle 
bacillus may have borne some relation to the initiation of the original 
tumor of the lymphatic apparatus, and even more probable that it 
modified the subsequent cytological and histological course. How- 
ever, these are simply hypotheses which stiU remain to be proved. 

Summary 

A case is described of an elderly patient who was admitted to the 
hospital with the diagnosis of aleukemic leukemia. He was watched 
over a period of three years, and during that time he developed a 
manifest lymphatic leukemia. Following a short but severe in- 
fection, his white blood count and differential values returned to 
normal and remained unchanged till his death a year and a half 
later. He came to autopsy, and examination showed that he had 
not only aleukemic leukemia, but also Hodgkin’s disease and 
generalized tuberculosis. 



Plate 78 


Fig. 3. Liver. On the right is a nodule of Hodgkin’s disease. On the left is a 
leukemic infiltration. The latter is being invaded by the cells of the former. 
X 250. 

Fig. 4. Lymph node. An area of Hodgkin’s disease. In the upper left corner 
is a tumor giant cell; below it is a multiple mitosis. At the right is another 
multiple mitosis. The majority of the cells shown are of the same type 
with irregular nuclei and prominent nucleoli. There are also some small 
lymphocytes scattered among these Hodgkin’s tumor cells, x 500. 
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cultures $ cc. For subsequent injections the former was increased to 5 cc., then 
to 10 cc., and the latter to 10 cc. With the control injections of Berkefeld a- 
trates of broth cultures and with the injection of heat-killed ffltrates of other 
organisms, the dosage and time intervals were the same as with the dead 
streptococci, except with B. coli and B. tuberculosis where the initial dose was i 
cc. The tubercle bacilli were grown for three weeks on coagulated egg medium 
and a heavy saline suspension was used. Cultures were usually killed by heat- 
ing at 60° C for 20 minutes and were always tested before injection by subcultur- 
ing to suitable media. As a rule, a minimum of 6 doses was given. The guinea 
pigs were usually injected through one of the superficial leg veins; the initial 
dose was 0.5 cc. and subsequent doses increased to a maximiun of 5 cc., although 
frequently only 2 cc. could be injected due to the difficulty of injection. Supra- 
vital stains and total leucocyte coimts of the circulating blood were made on 
many of the animals before and after the injections. 

All animals, whenever possible, were killed painlessly with ether and autop- 
sied immediately. Fresh smears from the cut surfaces of the organs were fre- 
quently taken and stained by the supravital technique. The tissues were fixed 
in Zenker’s solution and in 10 per cent formalin. Routine sections were made 
from the Zenker-fixed tissue in paraffin and stained with eosin and methylene 
blue. When advisable, sections were stained by the Gram Weigert method and 
by Foot and Menard’s * modification of Hortega’s silver carbonate method. 

The majority of animals that received injections of killed bacteria 
showed no ill effects; there were no pronounced losses in body 
weight or of appetite. A few of the animals died during the course 
of injection; in some no apparent cause could be foimd, others prob- 
ably died from the effects of endotoxins, such as those of B. coli, and 
in others the characteristic lesions in the Irmgs were present to such 
a degree as to produce pulmonary circulatory changes of sufficient 
gravity to be considered a contributory cause of death. Total 
white blood corpuscle counts and supravitally stained (neutral red) 
differential counts of the circulating blood were made before and 
after injections on many of the animals. The majority of these rab- 
bits were those that were to receive or had received injections of 
killed non-hemolytic streptococci. As a rule, there was a moderate 
rise in total count vnth a moderate to marked increase in the abso- 
lute munber of monocytes and a corresponding decrease in the num- 
ber of lymphocytes. Some rabbits showed no appreciable changes. 
The maximum percentage of monocytes was 39 per cent (Rabbit No. 
25, 24 hours after the ninth injection), and many of the bloods gave 
figures higher than 20 per cent, as compared with a maximum of 
10 or 12 per cent before injection. The results on two groups of 
rabbits, other than those receiving the non-hemolytic streptococci, 
are of interest. Two rabbits. Nos. 27 and 28, which were injected 
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TISSUE REACTIONS IN RABBITS FOLLOWING INTRAVENOUS 
INJECTION OF BACTERIA * 

Robert N. Nye, M.D., and Frederic Parker, Jr., M. D. 

{From the Thorndike Memorial Laboratory and the Pathological Laboratory, Boston City 

Hospital, Boston, Mass.) 

Reference has been made in a recent paper ^ to the peculiar 
reaction in rabbit tissues to repeated injections of non-hemolytic 
(gamma type) streptococci. A preliminary report ^ of the general 
distribution and histology of these lesions has been made. In general, 
the lesions are characterized by the mobilization, in various organs 
of the body, of large mononuclear cells which appear to be mono- 
cytes, according to supravital classification, and which quite fre- 
quently lead to the formation of giant cells of the Langhans’ type. 
Because of the unusual and peculiar lesions, because of the type of 
cell called forth and because of the nature of the antigen which re- 
sults in this response, the observation would appear to be of interest 
to the pathologist, cytologist and immunologist. 

The present paper deals with the methods used to produce the 
lesions and with a detailed description of the histological changes. 
Different methods of injection have been tried, various organisms 
have been tested for their ability to produce the changes, and other 
animals, namely, guinea pigs, have been utilized. 

Experimental 
Intravenous Injection 

Method: Injections were made into the ear veins of rabbits (average weight 
iSoo gm.) at intervals of four or five days. With living 24 or 48 hour broth cul- 
tures of the gamma type streptococci the initial dose was i cc., and with dead 

Tifnl the American AssodaUon of Pathologists and Bacteriologists, 

May I, igaS, Washington, D.C. 

Rccrived for publication March i, 1930. 

381 





384 


NYE AND PARKER 


three or four cells of the lymphoid type, beneath the endothelium of the larger 
arteries. The changes which occur in the capillaries of the alveolar walls are 
marked, but difl&cult to follow. There is a thickening of the alveolar walls, and 
in various areas the alveoli are obliterated. Fairly large foci of lymphoid cells 
are found and smaller foci of the large mononuclear ceUs and giant cells. The 
latter appear to originate from lesions in or about the smaller venules and capil- 
laries, similar to those found in the veins. Large phagocytic mononuclear cells, 
some of which are similar in staining reaction to those in the veins and alveolar 
walls, are found free in the alveoli. All the normal alveolar structure may disap- 
pear and be replaced by areas of true consolidation. Smears from the cut sur- 
face of such lungs, stained by the supravital method, show a predominance of 
cells classified as monocytes. The giant cells have the typical monocytic 
“rosette.” In sections from lungs obtained within a few hours after injection 
and stained by the Gram Weigert method, the organisms can be easily demon- 
strated. They are phagocytized most often by mononuclear cells which are 
usually within, or in close relation to, the capillaries of the alveolar wall. Oc- 
casional polymorphonuclear cells ate seen which contain the bacteria. The 
organisms have never been observed in the multinuclear cells which are found 
in the characteristic subendothelial vascular lesion or in those free in the alveoli. 
Many more bacteria are foimd in the lungs than in the liver and spleen. Ani- 
mals killed one day, or longer, after the last injection show few, if any, 
organisms. 

Liver: After two or three intravenous injections small islands of lymphoid 
cells are found in the sinusoids of the liver lobules, chiefly at the periphery. 
Mononuclear cells with large pale ovoid nuclei appear in these islands and 
eventually giant cells are formed. There is a generalized increase of cells be- 
tween the liver columns, involving the cells of the sinusoidal endothelium and 
connective tissue cells. The columns of parenchymal cells are narrowed, par- 
ticularly at the periphery of the lobule, but there is no apparent necrosis. 
Occasionally tiny projections into the iumina of the larger hepatic veins are 
observed which are similar to the very early lesions in the pulmonary veins. 
Supravitally stained smears of freshly cut sections show many mononuclear and 
multinuclear cells which are classified as monocytes. In Gram Weigert stained 
paraffin sections from rabbits killed within a few hours after the last injection, 
many bacteria are seen phagocytized by the normal appearing endothelial 
(Kupflter) cells of the sinusoids; none are found in the large mononuclear or 
multinuclear cells. 

Spleen: After the third intravenous injection clumps of large mononuclear 
cells are seen in the splenic pulp adjacent to the terminal veins or splenic sinuses. 
Eventually these increase in size, and frequently such collections contain numer- 
ous giant cells. Oftentimes they are found adjacent to the splenic nodules. In 
the advanced form they closely resemble miliary tubercles. The germmative 
centers of the splenic nodules are usually extremely active, showing a large per- 
centage of pale immature cells and many mitoses. In Gram Weigert stained 
sections, the organisms are foimd in the relatively large phagocytic cells (“ splenic 
cells”) of the normal spleen. As these cells phagocytize leucocytes, one cannot 
say whether the bacteria are taken up first by the splenic cells or whether ffiey 
have been phagocytized primarily by phagocytic leucocytes. Fewer organisms 
are found in the spleen than in the lung and liver from the same animal. 

Kidney: Giant cells are sometimes found in the glomerular tufts. 
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with filtrates from broth cultures of non-hemolytic streptococd, 
showed moderate increases in monocytes (22 and 19 per cent, re- 
spectively) on the day following the fifth injection with a gradual 
decline to normal, subsequently. Two other rabbits. Nos. 85 and 
86, showed no abnormality of the circulating blood leucocytes on 
the day following the sixth injection of massive doses of dead 
tubercle badUi. 

The sera of rabbits that had received six or more injections of liv- 
ing non-hemolytic streptococd usually showed definite macroscopic 
agglutination against the homologous organisms in 1:1280 or i :256o 
dilutions. 

At autopsy the only abnormalities noted in animals that had re- 
ceived a sufficient number of injections of dead organisms to result 
in marked microscopic lesions, were failure of the lungs to collapse on 
opening the pleural cavities, with an increase in consistency on sec- 
tioning and moderate to marked increase in the size of the spleen. 

The variations in reaction of the same species of animal to differ- 
ent organisms, of a different species of animal to the same organism, 
and so forth, are of interest. In order to be able to describe accu- 
rately such variations it will be necessary to give a detailed histo- 
logical description of the characteristic lesions produced in the 
rabbit following intravenous injection. 

Lungs: After the second or third injection the most characteristic changes 
are focal collections of cells about large and small veins. These foci consist of 
cells which appear to be l3miphocytes and resemble those of the peribronchial 
lymph nodules which are normally present, except that the cells are fewer in 
number and appear to be less mature; mitoses are fairly common. At this time 
the alveolar walls show some increase in cells which are apparently normal in 
tjTie. After the third or fourth injections, obvious venous lesions make their ap- 
pearance. These consist of collections of cells in the loose subendothelial con- 
nective tissue of the intima, and are usually in dose relation to the perivascular 
foci of lymphoid cells. The cells in the earliest lesions appear to be of the lympho- 
cytic series, but, as the lesions progress the cells have the characteristic ap- 
pearance of monocytes, according to ordinar>^ staining and to the supravital 
dassification, and giant cells of the Langhans’ type are often present. The in- 
filtration may proceed to complete ocdusion of ^e lumen, particidarly in the 
smaller vems, and this results in a lesion very similar to a tuberde. The larger 
veins are never completely ocduded, but frequently show a marked infiltration 
at both sides of the points of entrance of smaller veins, suggesting that the cells 
of the e.yidate have pushed their way up imderneath the endothelium from the 
smaller into the larger vessd. In all instances the lining endothdium is intact, 
and true thrombi are only rarely observed. Lesions of this sort are never found 
in the arteries or arterioles, except for an occasional tiny focus, consisting of 
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Pancreas: Negative. 

Adrenal: Giant cells are rarely found in the zo7ia fasciculata between the 
columns of parench 5 rmal cells. 

Small Intestine: Negative. 

Mesejiieric Lymph Nodes: Negative, except for hyperplasia. 

Heart: In several animals subendothelial lesions si m ilar to, but less pro- 
nounced than, those foimd in the lungs have been observed in one or more of the 
medium-sized veins draining the myocardimn. 

Bone Marrow: The bone marrow, as a rule, is hyperplastic, without any par- 
ticular change in cell types. Rarely true giant cells, as distinguished from 
megakareocytes, are foimd. 

Skeletal Muscle: Negative. 

Brain: Negative. 

A list of the animals injected intravenously is given in Table I. 
As the characteristic lesions were found most commonly in the lungs, 
liver and spleen, the results of microscopic examination of sections 
of these organs have been used to determine whether or not the in- 
jections produced the changes in question. 

The lesions described above were first noted ^ in rabbits that had 
been injected with living cultures of non-hemolytic (gamma type) 
streptococci for the purpose of obtaining agglutinating sera. One 
strain (“Small A”) was chosen as representative of those organisms 
capable of producing the reaction in the rabbit and an attempt was 
made to obtain further information by varying certain factors. 
Heat-kiUed (60° C for 20 minutes or 100° C for 20 minutes) cultures 
were found to produce the same lesions as the living cultures, ex- 
cept, of course, for the occasional acute vegetative endocarditis 
found in animals injected with the latter. Provided the animal was 
killed within five or six days after the last injection, definite changes 
in the lungs and liver were always found following two intravenous 
injections, and marked changes occurred after five or more doses. 
Two rabbits, Nos. i and 44, that were killed nine and thirty days 
respectively after the last injection, and that had received a suf- 
ficient number of injections to produce, ordinarily, pronounced 
lesions showed no histological changes of note. Two rabbits. Nos. 
43 and 49, that received 16 and 12 injections of killed organisms and 
were killed one and five days, respectively, after the last injection, 
had definite lesions in the lungs and liver, but they were much less 
marked than those found in animals after five or six doses, and the 
presence of a certain amount of fibrosis gave evidence of regression 
and repair. Two rabbits. Nos. 27 and 28, that received the Berkefeld 
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filtrate from killed cultures identical with, those used to inject two 
rabbits, Nos. 25 and 26 in which t5^ical reactions were found, showed 
no demonstrable lesions. Three rabbits. Nos. 82, 83 and 84, that, 
after their fifth dose of organisms, received daily doses of lithium 
carmine up to and past the sixth dose of bacteria, showed lesions 
which were less marked than those usually found at that period. 
The distribution of carmine, together with its significance, will be 
discussed in a subsequent paper. 

Three guinea pigs. Nos. 80, 87 and 88, were successfully injected 
intravenously with killed cultures of “Small A.” The only lesions 
of any significance were found in the lungs. The majority of small 
and medium-sized veins were surrounded by collections of lymphoid 
cells similar to those found in the early changes in rabbits. No ab- 
normal cells were observed within the vessels, and, neither cells of 
the monocytic type nor giant cells could be demonstrated. Sections 
of the livers and spleens showed nothing remarkable. Two of the 
three sections of the adrenals showed large areas of necrosis resem- 
bling infarcts. One of these showed an acute inflammatory reaction, 
while the others showed merely necrosis. 

Rabbits were injected intravenously with cultures of six other 
strains of non-hemolytic (gamma type) streptococci. Three of these 
strains (“Birk. 2,” “N.T. 21,” and “N.T. 16'') produced typical 
reactions in the lungs, livers and spleens. The rabbits that received 
two other strains (“Small B,” and “N.T. 2-8 ”) were killed so long 
after the last injection, fifteen and eleven days respectively, that one 
would not expect to find any lesions, and none were found. The one 
other strain (“R.F.T. 4”) failed to have any effect. 

A green-producing diplococcus (“B-26-27 ”)> isolated from the 
stool of a case of chronic ulcerative colitis, and a strain of Strepto- 
cocctis viridans, isolated from the blood of a case of bacterial endo- 
carditis, were injected without effect. The latter grew so poorly that 
the result is hardly comparable because of the relatively small 
number of organisms injected. With Streptococcus scarlatinae (“Dick 
I”) definite lesions were obtained, most marked in the lungs, 
whereas with a strain of Streptococcus hemolyticus the changes in 
the liver and the spleen were the most prominent. 

The injection of killed cultures of B. coli resulted in changes iden- 
tical with those previously described. The lesions in the liver ap- 
peared to be more marked than those in the lungs, as compared 
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cells and giant cells. The lesions in the lungs were much less marked 
than those following the injection of bacteria, but nevertheless 
identical changes could be demonstrated. The pigmented mono- 
nuclears and giant cells were found chiefly in relation to the capil- 
laries in the alveolar walls and to the peribronchial and perivascular 
collections of lymphoid cells. Definite subendothehal lesions con- 
sisting chiefly of pigmented macrophages could be demonstrated in 
one or more of the medium-sized veins of each specimen, but they 
were relatively slight as compared with those previously described. 
Little or no pigment was found in the endothelial cells of the capil- 
laries and larger blood vessels. 


Intraperitoneal Injection 

Two rabbits. Nos. 39 and 40, were injected intraperitoneally 
with killed cultures of gamma t3^e streptococci (“Small A''). The 
initial dose was 5 cc. and this was increased to 10 cc., then to 20 cc., 
with injections at four or five-day intervals. One rabbit. No. 39, 
developed “snuffles” and died on the day following the fifth in- 
jection; there was a marked loss of weight. The other rabbit. No. 
40, winch showed a moderate loss of weight, was killed on the second 
day following the sixth injection. The findings at autopsy were 
identical in both instances. All the organs in the peritoneal cavity 
were bound together and to various portions of the parietal perito- 
neum by friable fibrinous adhesions. There was a marked general 
thickening of the peritoneum in which were many pin-point to pin- 
head-sized pale yellow foci which contained a firm pale yellow 
exudate. The omentum was greatly thickened and contained a 
moderate number of these foci. The mesenteric lymph nodes were 
somewhat enlarged. There was no free fluid. All organs, on section, 
proved negative except for the thickened visceral peritoneum about 
the abdominal organs. Cultures from the peritoneal cavity and 
heart’s blood yielded no growth. Smears taken from the peritoneum 
showed a marked increase in the number of cells with a predomi- 
nance of small and large mononuclear cells. 

The lungs, liver and spleen, on microscopic examination, showed 
none of the changes observed following intravenous injection; in 
fact, the only deviation from normal histology was observed in the 
peritoneum. In sections from the omentum a marked thickening 
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with the same lesions following the injection of gamma type strepto- 
cocci. 

Two rabbits, Nos. 85 and 86, were injected with suspensions of 
dead bovine tubercle bacilli. In these animals the most pronounced 
lesions were in the lungs, although a few giant cells were found in the 
spleens and a moderate number in the livers. The pulmonary lesions 
were somewhat different from those previously described. There 
were many foci of large pale staining mononuclear cells and giant 
cells, surrounded by zones of lymphoid cells. These areas had ap- 
parently arisen from lesions in small veins or capillaries and looked 
hke true miliary tubercles. Subendothelial lesions in the larger 
veins were present, but were not as prominent as in other rabbits. 
In sections stained to demonstrate the tuberde badlli, the organisms 
were found in the lungs in the giant cells and in the mononudear 
cells, both of the tuberde-like fod of the subendothelial lesions and 
of those occurring singly in alveolar walls. In the livers the bacilli 
were found occasionally in the giant cells and in the small groups of 
mononuclear cells which were apparently the forerunners of the 
giant cells. The giant cells and the large pale mononuclear cells in 
the spleen contained a few acid-fast rods and granules. Intradermal 
tuberculin tests in both animals, before and after the series of in- 
jections, were negative. 

Through the kindness of Dr. Gulli Lindh Muller, sections of 
organs of rabbits that had received repeated injections of colloidal 
substances, such as India ink and collargol, were made available for 
study. Furthermore, sections from rabbits that had received re- 
peated intravenous injections of collargol and that had been pre- 
viously described by one of the authors in conjunction with Stewart 
were restudied. In rabbits that had received 6 to iz injections, the 
lesions in the livers and spleens were practically identical with those 
found following the injection of killed bacteria and the distribution 
of pigment was the same as that of the dead tubercle bacilli. There 
were many pigmented giant cells in the livers, chiefly in the sinusoids 
at the periphery of the hepatic lobules, but also at the edges of the 
periportal spaces. Furthermore, the majority of endothelial cells 
lining the sinusoids contained pigment. In the spleens the germinal 
centers were hyperactive; and, amongst the lymphoid cells at the 
periphery of the germinal centers, in the splenic pulp and, occasion- 
ally, free in the sinusoids, were numerous pigmented mononuclear 
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edema. One of these lesions was removed on the seventh day and 
showed a walled-off abscess without any surrounding reaction. The 
cells in the abscess were predominantly mononuclears, but the 
phagocytized bacteria which still persisted were found in poly- 
morphonuclear cells. 

Intradermal Injection 

Several rabbits, either normal or previously injected intrave- 
nously, were injected with 0.2 cc. of a heated culture of a non-hemo- 
lytic streptococcus (“Small A”) intradermally. All showed after 
twenty-four and forty-eight hours a tiny yellow nodule at the site of 
injection, without any surrounding erythema. 

Discussion 

When the lesions, which have been described, were first observed 
in tissues from rabbits that had received injections of living non- 
hemolytic (gamma t3^e) streptococci, it was thought that they 
represented a specific reaction to infection with the organism used. 
Subsequent work, however, showed clearly that identical changes 
resulted following the injection of dead organisms of various sorts 
and, to a less degree, particularly in the lung, to injections of par- 
ticulate matter, such as India ink and collargol. It would appear 
that these lesions represent the non-specific reaction of the rabbit 
in the process of disposing of certain foreign materials injected into 
the blood stream. That the changes are temporary and result in no 
serious permanent damage is shown by the essentially negative 
findings in animals killed a week or more following the last injection. 
The ability of the rabbits, at least in the case of killed bacteria, to 
dispose of the injected material, following many injections, without 
requiring as marked a degree of tissue reaction as at first, is evidenced 
by the relatively mild lesions in animals that received as many as 12 
to 16 injections. These facts would seem to indicate that the pri- 
mary response is that of a normal animal, rather than that of an 
immunized animal, or of one with its tissue reactions altered due 
to repeated injections resulting in allergic manifestations. The 
mononuclear cell, characteristic of the lesions, is intimately associ- 
ated with tissue changes such as those of tuberculosis which are 
usually considered to be of an allergic nature and the time intervals 
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composed of very active atypical granulation tissue was observed. 
There were many engorged young blood vessels and munerous fibro- 
blasts undergoing mitosis. Many of the larger blood vessels were 
surrounded by collections of lymphoid cells, but there were no sub- 
endothelial lesions. Scattered throughout the young connective 
tissue were a few poljunorphonudear leucocytes and many lympho- 
cytes and plasma cells. In addition there were many large mononu- 
clear cells, some of which were undergoing mitotic division, and in 
certain areas there were a few giant cells of the Langhans’ type. The 
pale yellow foci, observed grossly, consisted of areas containing many 
of the, cells, mentioned above, packed closely together. The centers 
of such foci usually showed necrosis with an accompanying pre- 
dominance of polymorphonuclear leucocytes. 

Subcutaneous Injection 

t 

Subcutaneous inj'ection of i cc. of a killed culture of a non-hemo- 
lytic streptococcus (“Small A”) into the anterior abdominal wall of 
a normal rabbit resulted, after twenty-four hours, in an area of 
marked brawny edema measuring 20 by 30 mm., with slight ery- 
thema. After forty-eight hours the animal was anesthetized and the 
lesion removed. Microscopically the lesion showed a small abscess 
surrounded by a diffuse acute inflammatory reaction extending 
from the corium down through the muscle layers, with necrosis of 
many fibers of the latter. When stained by the Gram Weigert 
method a moderate number of the polymorphonuclear leucocytes 
were found to contain bacteria. 

After six intravenous injections the same rabbit was injected 
again, subcutaneously. There was practically no induration after 
twenty-four hours, and after forty-eight hours only a small nodule 
at the site of injection remained. This lesion was also removed on 
the second day and on examination showed a rather definitely local- 
ized abscess with only a moderate amount of surrounding acute in- 
flammatory reaction. The cells in the abscess were predominantly 
polymorphonuclear leucocytes, but there were many mononuclear 
cells. The former contained many phagocytized bacteria, many 
more apparently than those in the previous lesion. 

Two other rabbits injected subcutaneously, subsequent to in- 
travenous injections, showed local swellings without surrounding 
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or locally, of certain foreign materials not necessarily toxic, rather 
than to infection. The rise of circulating monocytes following the 
intravenous injection of non-hemolytic (gamma type) streptococci 
is undoubtedly a reaction of similar nature. , 

The reactions in the liver and spleen which have been described 
in this paper, are practically identical histologically with those seen 
following the intravenous injection of lamp black, India ink, col- 
largol, colloidal iron, and so forth. Such lesions have been accurately 
pictured in papers by Mcjunldn,^^ Foot,^^ Poison and Stewart and 
Parker.^ Following the intravenous injection of minute daily doses 
of silica sol in rabbits, Gye and Purdy have described marked 
endothelial changes in the liver and spleen and some in the glomer- 
uli, lungs, cortices of the adrenals, and reticulum of the lymph 
nodes, which consisted of compact masses of endothelial cells with 
occasional giant cells and which were ascribed to the toxic action of 
the silicon ion. The pulmonary subendothelial lesions in the small 
veins and venules are quite inconspicuous following such injections, 
and have usually failed to attract attention. Foot^^ noted in 
splenectomized animals some thickening of the alveolar walls which 
he considered to be due to the swelling of the capillary endothelium 
and, to a lesser degree, to the accumulation of mesenchymoid cells in 
the interstitial tissue; frequently cells resembling tumor giant cells 
were present. 

Many contributions have been made relative to the tissue changes 
following the intravenous injection of bacteria or bacterial products. 
The older papers deal, chiefly, with the lesions following the in- 
travenous injection of dead tubercle bacilli or their products (Prud- 
den and Hodenpyl,^® Vissman,^® Klett,^^ de Giaxa,®® Morse and 
Stott 29 and Jafie ®°). In general, using dead tubercle baciUi, lesions 
were found in the lungs, liver and spleen which resembled true tu- 
bercles except for the absence of caseation. Identical lesions were 
obtained, however, with extracts of tubercle bacilli,^^' 23,29 
other organic materials,®® and the consensus of opinion seemed to in- 
dicate that the active principle was some toxic substance normally 
contained in the tubercle bacillus. No mention is made of suben- 
dothelial venous lesions in the lungs, but Vissman 2 ® noted that the 
arterial walls were thickened and infiltrated with round cells, in places 
so marked that the lumina were nearly obliterated, and Morse and 
Stott 29 called attention to the fact that the endothelial cells of the 
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of the injections of the rabbits are such that one might expect a re- 
sulting allergic state. Intradermal and subcutaneous test injections, 
however, in rabbits that had received previous intravenous injec- 
tions showed decreased, rather than increased, tissue reactions, and 
experiments such as those of Zinsser ® and Swift and Derick,® have 
shown that allergy to bacteria or bacterial products usually does not 
follow intravenous injection, presumably because of the absence of 
focal lesions. A recent article by Ehrich,'^ in which identical sub- 
endothelial lesions are described in rabbits three to seven days fol- 
lowing the intravenous injection of relatively large single doses of 
kiUed staphylococci, is additional proof that the reaction is that of a 
normal animal. 

Monocytosis has been observed in experimental animals, and, in 
some instances, has been associated with certain infections such as 
tuberculosis (Sabin and Doan ® and Camp, Luton, Tompkins and 
Cunningham®), Virus III disease in rabbits (Pearce and Casey and 
a disease in rabbits produced by B. monocytogenes (Murray, Webb 
and Swann Similar increases, however, have followed the in- 
jection into rabbits of acid-fast bacilli, such as, B. smegmafis (Jones 
and Thrill B. phlei (Mcjunkin and B. leprae (Schwartz and 
Cunningham which are ordinarily considered non-pathogenic, 
the injection of phosphatide fractions of human tubercle baciUi 
(Sabin and Doan and the injection of dead cultures of B. mono- 
cytogenes (Witts ^®). Furthermore, a marked periodic increase in 
circulating monocytes following the injection of coUoidal substances, 
including protective colloids, has been noted by Simpson.^^ Law- 
rence, Tompkins and Cunningham were able to produce lesions 
resembling tuberculosis by the subcutaneous injection of many sup- 
posedly inert substances. Ray and Simpson injected guinea pigs 
subcutaneously and into the lungs with living tubercle, grass and 
colon bacilli and with defatted bacilli or with lipins from the same 
organisms. Identical tubercle-like lesions were obtained with all 
these organisms or materials, with the exception that caseation was 
observed only with living tuberde badlli. Very recently Wright 
has described the local production of monocytes and Langhans’ 
giant cells following the subcutaneous injection of various non-ir- 
ritating gases, such as oxygen, nitrogen and carbon dioxide. A con- 
sideration of these observations would lead one to believe that such 
increases in monocytes are due to the presence in the blood stream. 
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mal, as a whole, to some foreign material. That the reaction is not 
one of sensitization or of immunization is further substantiated by 
the observation that apparently identical lesions are produced by a 
substance, silica sol, which contains no nitrogen. The question arises 
as to whether such changes represent proliferative reactions, sec- 
ondary to phagocytosis, on the part of the various cells of the body 
which belong to the reticulorendothelial system, whether they are 
produced as a result of the toxic action of the substances injected or 
products formed in the body from such substance, or whether they 
arise from a combination of the two. 

In general, the sinusoidal endothelium of the liver and spleen is 
considered to be the most important tissue for removing foreign 
substances from the blood stream. The capillary endothelium of the 
lungs has practically no phagocytic ability. Several investigators, 
however, have reported findings which indicate that the tissues of 
the lungs, at least, in certain animals, do exhibit marked phagocytic 
properties. Wyssokowitsch,®^ following the intravenous injection of 
bacteria, obtained nmnerous organisms from the lung at a time 
when blood cultures were negative, and Werigo reported the same 
finding. Drinker and Shaw injected finely dispersed manganese 
dioxide intravenously into cats and after one hour were able to re- 
cover from the lungs 47 per cent of the material injected. Poison 
recovered large amounts of iron from the lungs of rabbits following 
intravenous injection of coUoidal iron, but attributed the result to 
the presence in the blood vessels of emboli containing large amounts 
of the colloid. Hopkins and Parker injected relatively large doses 
of Hviiig streptococci intravenously in cats and rabbits and were 
usually able to recover more organisms from the lungs than from any 
of the other organs. Mole studied the reticulo-endothelial sys- 
tem of the rabbit by observing the phagocytosis of stained foreign 
erythrocytes and called attention to the importance of the lung in 
this system of the rabbit. Recent work in this laboratory has shown 
that, following the intravenous injection of large doses of bacteria, 
there is a marked increase of polymorphonuclear leucocytes in the 
lungs. Such an increase in cells, many of which, under these condi- 
tions, usually contain large numbers of phagocytized bacteria, 
might account for the recovery from the lungs of so many organisms. 
The facts, however, that coUargol, India ink and other colloidal 
suspensions are fovmd in the lungs in mononuclear and giant cells 
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capillaries in the lungs proliferated to such an extent that there was 
obliteration of the lumina and that the normal endothelial tubes were 
changed to syncytial cords. The more recent papers are concerned, 
chiefly, with a comparison of the tissue reactions in normal and 
sensitized animals. Following the intravenous inj'ection of hen’s 
red blood corpuscles in guinea pigs, OeUer observed an increase in 
the peri-arterial collections of lymphoid cells in the lungs and spleen, 
desquamation of the capillary endothelium of the lungs and spleen 
to form monocytes, and marked endothelial changes in the arteries 
and veins. He interpreted these lesions as toxic changes secondary 
to the phagocytosis and destruction of the foreign corpuscles and 
noted that they appeared sooner in animals that had received re- 
peated injections. Following repeated intravenous injections of 
dead or living B. coli in rabbits, Siegmund^^ noted endothehal 
changes in the liver, spleen, lungs and marrow. These consisted, 
mainly, in proliferative changes and in the formation of intravascu- 
lar thrombi composed of large pale cells with vesicular nuclei, and 
subintimal and subendothelial reactions to these thrombi were often 
present. Domagk^* injected specific shocking doses into mice ren- 
dered anaphylactic to hve or dead staphylococci, streptococci, B. 
coli or to serum, and reported marked endothelial changes in the 
liver and lungs. In the Hver, cell knots were formed in the sinusoids 
resulting in compression of the parenchyma, and, in the lung, the 
prohferative changes resulted in compression of the capillaries. The 
latter changes were considered to be sufl5cient to interfere mechani- 
cally with respiration and to produce death. After single and re- 
peated injections of killed staphylococci injected intravenously in 
rabbits, Ehrich ^ has described marked mesenchymal reactions which 
in distribution and in composition are identical with those described 
in this paper and which he attributed to the primary reaction of 
normal rabbits to the bacteria or their products. Seemann,^^ Ger- 
lach and Finkeldey and Gerlach and Haase,®® however, using es- 
sentially the same methods, have failed to observe, particularly in 
the lungs, any marked histological changes which they consider as 
pathognomonic. 

It is apparent that tissue changes closely resembhng those de- 
scribed in this paper have been observed in experimental animals 
following the intravenous injection of any of a variety of substances, 
and that such changes represent a non-specific reaction of the ani- 
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The tissues of guinea pigs injected intravenously with non-hemo- 
lytic (gamma type) streptococci in doses comparable to those given 
rabbits failed to show any of the characteristic lesions in the lungs, 
liver and spleen. There was apparently an increase in the perivascu- 
lar collections of lymphoid cells in the lungs, but monocytes and 
giant cells were never found in any of the organs. This would seem 
to suggest that the method of disposal in the guinea pig is different 
from that of the rabbit or that the bacteria in the doses given failed 
to stimulate any proliferative monocytic activity. 

In conclusion one may say that the rabbit reacts in a very definite 
way to the intravenous injection of colloidal substances and of large 
amounts of certain kinds of bacteria. This foreign material is re- 
moved from the circulation chiefly in the sinusoids of the liver and 
spleen and in, or about, the capillary network of the lungs. This 
process of phagocytosis stimulates the production of cells which 
have the staining reactions of lymphoid cells and which apparently 
are eventually converted into monocytes and giant cells, and result 
in lesions which closely simulate those of tuberculosis. Such changes 
are most pronounced in the lungs, liver and spleen, but giant cells of 
the Langhans’ type can be found in the bone marrow, glomeruli of 
the kidney and cortex of the adrenal. If the injected material is 
relatively stable (India ink, collargol and B. tuberculosis), it is found 
in the monocytes and giant cells, but one cannot say whether this 
phagocytosis is primary or whether cells already containing phago- 
cytized material are, in turn, taken up. Such organ changes are 
usually accompanied by an increase of the monocytes in the circulat- 
ing blood. The type of material injected seems to determine the 
organ in which the lesions are most prominent. With colloidal sub- 
stances the lesions in the liver and spleen are most marked, with 
gamma type streptococci those in the lungs and liver, with B. coli 
those in the liver and with B. tuberculosis those in the lungs. The 
lesions produced by bacteria usually disappear promptly when the 
injections are stopped or when the rabbits become “immune” due 
to repeated injections, leaving little or no evidence of damage, other 
than a mild degree of fibrosis. The changes in the lungs following the 
injection of B. tuberculosis are more severe in type, probably due to 
the liberation of toxic substances from the slowly disintegrating 
bacilli, and, if such animals had been observed a longer time after 
the last injection, some definite damage to the lung structure would 
undoubtedly have occurred. 
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and that in these experiments the bacteria were observed chiefly in 
the same types of cells, would seem to indicate that the mononu- 
clear cells, rather than mobilized polymorphonuclear leucocytes, 
are responsible for the phagocytic activity of the lungs, at least in 
the rabbit. In the past many writers have claimed that the capillary 
endothelium in the lungs possessed great phagocytic powers, but 
few, at present, hold to this view. In the experiments described in 
this paper phagocytized bacteria were never observed in the lining 
endothelium of the blood vessels. 

The presence of the mononuclear and giant cells in the various 
organs raises the question as to their origin. There is no evidence 
that the monocytes in the lungs are derived from the circulation or 
from the capillary endothelium. If they arose from cells normally 
present in the intima, such as connective tissue cells or histiocytes, 
one would expect to find numerous mitoses in the lesions, which 
was not the case. It is certain that the subendothelial lesions in the 
lung are preceded by perivascular collections of cells which have the 
staining properties of lymphocytes and that groups of similar cells 
constitute the initial lesions in the sinusoids of the liver. Further- 
more, the earliest subendothelial pulmonary lesions are composed of 
cells of this type. If it is true that the monocytes are derived from 
these cells, this fact would confirm the contention that monocytes 
may originate from lymphoid cells, an idea brought forth by Maxi- 
mow and, more recently, supported by Bloom.'*® This would 
imply that the cells invade the relatively thin adventitial coats of 
the veins or migrate along the venules between the endothelium and 
muscular coats, starting at points in the capillary bed where the lat- 
ter are negligible. The first possibility was never substantiated by 
the observation of actual invasion of the adventitia by perivascular 
cells, whereas the peculiar bulging up of the endothelium in large 
veins at the point of entrance of smaller ones certainly suggests the 
second. From a study of the lungs of rabbits injected with India 
ink or coUargol it would appear that these substances are removed 
from the circulation and phagocytized by cells intimately connected 
with the capillary network and that the pigments are transported by 
these cells to different portions of the pulmonary interstitial tissue. 
Lucid explanations of the origin of the monocytes and the mechanism 
of formation of the subendothelial lesions must, for the present, be 
foregone. 
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DESCRIPTION OF PLATES 

Plate 79 

Fig. I. Lung (No. 31). Perivascular collection of lymphoid cells. Very early 
subendothelial lesion. Eosin-methylene blue, x 500. 

Fig. 2. Limg (No. 32). Two early subendothelial lesions, one composed chiefly 
of lymphoid cells and the other of monocytes. Eosin-methylene blue. 
X 250- 
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Summary 

1. Following the intravenous injection into rabbits of relatively 
large doses of various dead bacteria, there is a marked reaction of the 
tissues which contain cells of the reticulo-endothehal system. This 
reaction consists in an increase of lymphoid cells which are even- 
tually transformed into, or replaced by, monocytes and giant cells. 
Such lesions, ordinarily, are temporary and result in no permanent 
damage. 

2. Identical lesions occur after the intravenous injection into rab- 
bits of various colloidal substances. 

3. Such changes represent the reaction of normal rabbits in the 
disposition of foreign materials in the blood stream and have noth- 
ing to do with reactions secondary to sensitization or immunization. 

The authors gratefully acknowledge the help given by Dr. David 
Seegal during the first part of the studies and the excellent technical 
assistance of Miss Miriam McKay. 
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Plate So 


Fig. 3. Lung (No. 34). Subendothelial lesion, composed chiefly of monocytes. 
Eosin-methjdene blue, x 500. 

Fig. 4. Lung (No. 34). Subendothelial lesion with many monocytes, a few 
lymphoid cells and occasional giant cells. Eosin-methylene blue, x 200. 
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Plate 79 











Plate Si 

Fig. 5. Lung (No. 46). Almost complete obliteration of the lumen of the vein. 
Lesion consists chief!}' of monocytes and giant cells. Eosin-methylene 
blue. X 500. 

Fig. 6. Lung (No. 34). Subendothelial lesion with vessel wall emphasized by 
the staining of reticulum. Foot and Menard’s modification of Hortega’s 
silver carbonate method, x 500. 














Plate 82 

Fig. 7. Lung (No. 58). Subendothelial lesion. Eosin-methylene blue, x 300. 

Fig. 8. Lung (No. 86). Early subendothelial lesion, chiefly Ijunphoid cells 
with a few monocytes. Eosin-methylene blue, x 500. 
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Plate Si 








Plate 83 

Fig. 9. Lung (No. 86). Nearlj' complete occlusion of the vein by monocytes 
with a marked perivascular accumulation of lymphoid cells. Eosin- 
methylene blue, x 500. 

Fig. 10. Lung (No. 86). Complete occlusion of the vessel by a lesion simu- 
lating a true tubercle. Eosin-methylene blue, x 500. 
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Plate 82 







Plate 84 

Fig. II. Lung (12 intravenous injections of India ink at weekly intervals). 
Marked perivascular collection of lymphoid and pigmented cells, also 
subendothelial lesion composed chiefly of latter. Eosin- methylene blue. 
X 250. 

Fig. 12. Lung (No. 38). Complete obliteration of the smaller veins with an ap- 
parent subendothelial extension of the process up into the large vein. 
Eosin-methylene blue, x 100. 






Plate 85 

Fig. 13. Liver (No. 23). Small groups of lymphoid cells in the sinusoids, to- 
gether ^Yith monocytes and giant cells. Eosin-methylene blue, x 250. 

Fig. 14. Liver (No. 23). jMonocytic “rosette” in a giant cell. Foot and 
]\Ienard’s modification of Hortega’s silver carbonate method, x 2000. 
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Plate 86 


Fig. 15. Liver (No. 58). Lymphoid, monocytic and giant cells in the sinusoids. 
Eosin-methylene blue, x 250. 

Fig. 16. Liver (7 daily intravenous injections of coUargol). Pigmented mono- 
nuclear and giant cells in the sinusoids. Hematoxylin-eosin. x 250. 
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Plate 87 

Fig. 17. Spleen (No. 34). Two foci, the one composed of monocytes, the other 
of giant cells. Eosin-methylene blue, x 200. 

Fig. 18. Kidney (No. 26). Giant cell in a glomerulus. Eosin-methjdene blue. 
X 1000. 
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Plate 88 


Fig. 19. Adrenal (No. 26). Giant cell in a sinusoid of the zone Jacsicnlaia. 
Eosin-methylene blue, x 2000. 

Fig. 20. Omentum (No. 39). Granulation tissue with two large giant cells. 
Eosin-methylene blue, x 500. 
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nervous system. The study of this case has made it possible to com- 
plete the pathological picture of the chsease, and to describe a new 
clinical syndrome caused by histologically healed periarteritis 
nodosa. 

Periarteritis nodosa is an inflammatory disease of the arterial sys- 
tem, probably caused by a filterable virus, and characterized by 
necrosis of the media with fibrinous exudation. This is soon followed 
by a marked cellular infiltration and granulation tissue formation 
in and about the arterial wall, together with varying degrees of' 
intima proliferation. The chief secondary changes in the arteries are 
aneurysm formation, thrombosis and hemorrhage. Death is usually 
due to hemorrhage from rupture of an aneurysm, or to necrosis or 
insufficiency of vital organs resulting from thrombosis of the arteries. 
The veins are free from changes in almost all the cases studied. 

At present we know of no predisposing causes of this disease. 
There seems to be no relation to occupation. However, the disease 
is four times as frequent in males as in females. It may occur at any 
age; the youngest patient reported was an infant of three months, 
the oldest 78 years. About 50 per cent of the cases are found be- 
tween the ages of 20 and 40 years. The duration of the illness is 
usually a few weeks to six months, rarely longer than a year. Fish- 
berg’s case was ill only six days. Our case of histologically healed 
periarteritis nodosa lived four years after his one and only attack 
of acute illness. 

Our knowledge of the early changes in the disease is now quite 
complete except for the question of involvement of the endothelium 
of the affected arteries. The endothelial changes are difficult to 
demonstrate, but we believe that they do occur. We know that the 
most marked changes develop in the media, and this fact has led 
to the question whether periarteritis nodosa is not related to the 
changes found in the arteries by Wiesel, von Wiesner, and others 
in various infectious diseases. They have found degenerative 
changes in the media which they believe are related to the develop- 
ment of arteriosclerosis in some arteries, such as the coronary. 
Recently Pappenheimer and VonGlahn have found similar changes 
in the arteries in rheumatic fever. Spiro has attempted to bring 
these changes in close relation to those fovmd in periarteritis nodosa, 
and considers the latter no disease sm generis, but only a form of 
postinfectious mesarteritis. Gruber is also of the opinion that peri- 



A CLINICAL AND PATHOLOGICAL STUDY OF 
PERIARTERITIS NODOSA * 

A Report oe Five Cases, One Histologically Healed 
Aaron Arkin, Ph.D., M.D. 

{From the First Medical Clinic {K. F. Wenckebach) and the Pathological Institute 
(R. Maresch), University of Vienna, Austria.) 

Introduction 

Periarteritis nodosa was first described by Kussmaul and Maier 
sixty years ago as a disease characterized by the formation of mul- 
tiple circumscribed nodular thickenings of the smaller arteries of 
various organs of the body. Since their classic description in 1866 
about 150 cases have appeared in the literature. Several investiga- 
tors have attempted to discover the etiology of this very interesting 
disease, and to determine the site of origin in the arterial wall. A 
specific microorganism has not yet been found, but we shall see that 
the evidence today is in favor of the specific infectious nature of 
the disease. A very acute case with death in a few days, published 
by Fishberg, has shown that the primary changes are usually in the 
inner media and not in the adventitia. The confusion which exists 
in the literature regarding the site of origin in the arterial wall is 
due to the fact that changes of different age occur in arteries of the 
same patient, and often in the same organ. Each acute exacerba- 
tion of the illness is accompanied by fresh changes somewhere in the 
body, and by new S3Tnptoms which vary with the localization of the 
arterial changes. 

We shall attempt to summarize our present knowledge of periar- 
teritis nodosa, and to divide the disease into four stages with a dis- 
cussion of the pathology and clinical symptoms of each stage. This 
division is based upon a clinical and pathological study of five cases 
at the First Medical Clinic (Professor K.. F. Wenckebach) and the 
Pathological Institute (Professor R. Maresch) of the University of 
Vienna. In addition, we had the opportunity of studying three more 
cases postmortem. One of our cases reveals the histologically healed 
end-stage involving every organ of the body except the central 
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a swelling of the muscle cells with separation by the exudate. In the 
smaller arterioles, those without vasa vasorum, the changes are 
chiefly in the innermost media, in the subendothelium. No doubt 
the causative agent enters from the lumen producing endothelial 
changes as well. A part or the entire circumference of the vessel 
wall undergoes a coagulation necrosis with a hyaline-like appearance 
of the inner media. The endothelium may also be affected so that 
the cells become de'squamated or disappear over the affected area. 
The subintimal changes, the edema and fibrinous exudation may 
elevate the endothelium causing it to bulge into the lumen or even 
reducing it to a narrow slit. The fibrin network may extend through 
the endothehum into the vessel wall. In the larger arteries, those 
with vasa vasorum, the changes appear more often in the outer 
media, lying near the elastica externa. Here the hyaline areas of 
necrosis appear and seem to go out from the vasa vasorum or from 
smaller branches of the vessel. Of course, when the necrotic changes 
become more extensive they may also reach the endothelium in these 
vessels. Usually a portion of the vessel circumference presents in 
the media an area of necrosis with edema and fibrinous exudation. 
Serial sections often show this region to extend longitudinally in 
the vessel wall. The areas form an ellipse with the long diameter 
axially arranged, less often transversely. The entire thickness of 
the media may become hyalinized. Leukocytes begin to wander 
into the necrotic area. They are chiefly polymorphonuclear neutro- 
philes, though eosinophiles may also be present in considerable 
numbers. In this stage the adventitia is often unaffected. 

In the early stage changes may also be present in the large arteries 
and even in the aorta. We have found in one case fragmentation of 
the elastica interna, with vacuolization and round cell infiltration 
about the elastica interna in large arteries. That endothelial changes 
occur in periarteritis nodosa is shown by findings in the brain in 
one of my cases. Here we observed circumscribed hemorrhages 
forming a ring about a number of small arterioles, without any 
demonstrable change in the vessel waU. We must assume, therefore, 
an increased permeability of the endothelium with hemorrhage 
by diapedesis into the surrounding lymph space. 

Clinical Symptoms: In this beginning stage the disease is often 
latent, especially when the changes are limited to a small area, hence 
the difficulty of determining the exact age of changes seen post- 


PERIARTERITIS NODOSA 


403 


arteritis nodosa is a disease of toxi-infectious origin without a specific 
cause. We cannot share tliis view, and we believe from our study 
of five cases of this disease that we are dealing here with a specific 
infectious disease, the virus of which has an elective afl&nity for the 
arterial system and enters the arterial walls directly from the lumen 
and through the vasa vasorum in the larger arteries. 

The view that syphilis is the cause can now be dropped entirely. 
To be sure, a luetic patient may also contract periarteritis nodosa, 
but even the cases with a positive Wassermann have shown changes 
characteristic of periarteritis nodosa and not of luetic arterial dis- 
ease. Most cases have a negative Wassermann, spirochetes have 
never been found in the lesions, gummas are not found, giant cells 
very rarely occur, and the localization is different from that of 
syphilis. Also the occurrence of periarteritis nodosa in lower ani- 
mals speaks against S3rphilis as a cause. The view of several early 
writers that it attacks . individuals with a hereditary or acquired 
weakness of the arterial walls need no longer be considered. 

The most promising work on the etiology of the disease is that of 
Harris and Friedrichs, and of von Haun, who have succeeded in 
producing quite similar changes in experimental animals. Further- 
more, the finding of a similar disease in lower animals (calf, swine, 
dog, deer), where it at times occurs in epidemic form, also speaks for 
the spedfic infectious nature of the disease. 

The organs most frequently attacked are the kidneys (80 per cent), 
heart (70 per cent), liver (65 per cent), gastro-intestinal tract( 50 
per cent), pancreas (25 per cent), mesenteric artery (30 per cent), 
musdes (30 per cent), and peripheral nerves (20 per cent). The 
central neroous system is involved in only 8 per cent of the cases. The 
disease may also remain confined to a single organ for some time. 

We shall divide the disease into four stages according to the 
changes present in the arteries, and discuss the clinical and patho- 
logical findings in each. These are: (i) alterative-degenerative or 
beginning stage; (2) acute inflammatory stage; (3) granulation 
tissue stage, and (4) healed end-stage, or scar tissue stage. 

First or Degenerative Stage 

Pathology: The beginning stage is characterized by alterative- 
degenerative changes in the media, with edema and the appearance 
of a thready fibrinous exudate about the elastica interna. There’is 
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tinuous or intermittent. After a time a secondary anemia develops. 
The symptoms vary with the location of the process and the nature 
of the secondary changes in the vessels. Renal, cardiac, peripheral 
nerve, and gastro-intestinal symptoms are the most common. 
Icterus may also develop due to involvement of the liver. The spleen 
is often, though not always, enlarged. There are frequently some- 
what enlarged, hard lymph glands. The pulse is as a rule regular 
and accelerated even when the fever has disappeared. 

Death is frequent in this stage, due to rupture of an aneurysm 
with fatal hemorrhage. This may occur in any of the affected 
organs. Or, renal insufficiency due to extensive infarction may cause 
death. Another common cause is cardiac failure due to extensive 
coronary involvement with thrombosis or intima proliferation. 

The finding of subcutaneous nodules, which on histological exami- 
nation show the characteristic arterial changes, offers a means of 
making a sure diagnosis m vivo. 

Third or Granulation Tissue Stage 

Pathology: This is the reparative or granulation tissue stage. 
There is a marked proliferation of fibroblasts from the adventitia 
into the inflammatory zone, accompanied by a reduction in the 
polymorphonuclear leukocytes with an increase in the lymphocytes 
and plasma cells. Sometimes eosinophiles appear in considerable 
number. The fibrin network and hyalinized necrotic media are 
gradually replaced by the cellular granulation tissue rich in fibro- 
blasts and newly formed blood capillaries. This granulation tissue 
not only replaces the destroyed media, but also extends outward 
through the adventitia, and longitudinally as well as circularly be- 
yond the area of destruction. It may also penetrate the subendothe- 
hal tissue through the defects in the elastica interna. It may even 
pass through the entire wall and invade thrombi formed in the 
lumen. 

In addition to the granulation tissue formation there is usually 
a very marked reactive intima proliferation with a partial or total 
occlusion of the lumen. This intimal thickening consisting of a 
loose fibroblastic connective tissue usually extends beyond the area 
of destruction of the media. It is often circular, but may also extend 
longitudinally on only one side of the vessel. The proliferation is 
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mortem. At this stage the diagnosis is not possible, the changes are 
stiU microscopic. There may be no symptoms whatever; or only 
a rise of temperature. We hardly need state that we cannot sharply 
separate these stages from one another. The earliest case in the 
Uterature, that of Fishberg, with dinical symptoms of only six days 
duration, died of renal insufficiency due to extensive infarction of 
both kidneys. Fever, hematuria, icterus, myocardial insufficiency 
or pains in the extremities often mark the onset of the disease. 


Second or Acute Inflammatory Stage 

Pathology: This is the exudative inflammatory stage. A great 
infiltration of the media and adventitia with polymorphonuclear 
neutrophiles, sometimes also many eosinophiles, ]3Tnphocytes and 
plasma cells rapidly takes place. The fibrinous exudate extends to 
the intima and outward in the adventitia. There is destruction of 
the inner media and of the elastica interna which becomes stretched 
and fragmented. The process may also extend through the adven- 
titia and spread by way of the perivascular lymphatics. The peri- 
vascular connective tissue becomes edematous and leukocytes ap- 
pear in large numbers. There may be destruction of the entire vessel 
wall over a part or all of its circumference. The muscle cells of the 
media become separated from one another and then undergo com- 
plete necrosis, the elastica becomes fragmented, survives longer than 
the muscle cells, but soon also disappears. When the exudate reaches 
the intima the fibrin threads may penetrate into the lumen and 
leukocytes wander from the lumen into the sub endothelial tissue. A 
marked subendothelial connective tissue proliferation takes place, a 
reactive intima proliferation. At the height of this stage secondary 
thrombosis of the lumen with infarction of the various organs is 
common. Toward the end of this stage aneurysm formation or 
rupture of the vessel wall with hemorrhage into the adventitia or 
surrounding tissue occurs. There is no suppuration, and pyogenic 
bacteria are not found. In cases -mthout aneurysm or nodule 

formation the changes may be overlooked without microscopic 
examination. 

Clinical Symptoms: This is the stage with high fever, chills, a 
polymorphonuclear leukocytosis (sometimes also an eosinophilia) 
and all the symptoms of a severe infection. The fever may be con- 
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narrow channels run axially through the greatly thickened vessels. 
Nodular thickenings of the outer wall occur when the process in- 
volves the outer media and adventitia. Then a marked periarterial 
fibrosis takes place as a result of the histological healing of the gran- 
ulation tissue in the adventitia and surrounding connective tissue. 

Three processes here are active, separately or very often com- 
bined; (i) a marked subendothelial connective tissue proliferation 
which may be accompanied by the new formation of elastic fibrils 
and often extends beyond the area of media destruction; (2) throm- 
bosis of the injured vessels with complete organization with or with- 
out recanalization, and (3) healed granulation tissue scar formation 
in and about the injured vessel wall. These three processes can 
often, but not always, be distinguished from one another. 

Only cases of severe periarteritis nodosa with a tendency toward 
thrombosis and intimal proliferation will reach this advanced stage. 
The cases with aneurysm formation usually lead to fatal hemor- 
rhage. Also, early complete occlusion of the blood supply to vital 
organs, whether by thrombosis or intimal proliferation or both, will 
result in early death. It is, therefore, possible for a generalized peri- 
arteritis nodosa to become histologically healed only when the blood 
supply is not reduced below the minimum necessary for the main- 
tenance of function of the vital organs. Case 5 will demonstrate 
this fact very well. No disease better illustrates the great factor of 
safety in the blood supply to vital organs than does periarteritis 
nodosa. 

The intimal proliferation is a reactive local proliferation in re- 
sponse to the injury of the inner media. It is characterized by the 
absence of blood capillaries and hemosiderin deposits such as are seen 
in organized granulation tissue or thrombosis. The fibers are ar- 
ranged more or less concentrically in cross-sections of the artery. 
The elastica interna presents all stages of degeneration and necrosis, 
A new formation of elastic fibrils with marked thickening of the 
intima occurs in arteries where the changes in the media are less 
severe and hence the elastica has not been destroyed. 

The healed granulation tissue which grows into the adventitia and 
media is characterized by a richness in fibroblasts, the presence of 
numerous newly formed blood capillaries, and fine deposits of hemo- 
siderin. As this tissue grows older it becomes more and more 
hyaline and fibrous, the capillaries are compressed and obliterated. 
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usually thickest at the site of the lesion with the result that the 
narrowed lumen often lies eccentrically on the less affected or un- 
affected side. The spread of the intima proliferation beyond the 
area of media destruction explains why we so often find in trans- 
verse sections a marked intimal thickening without changes in the 
vessel wall. We have convinced ourselves by a study of many serial 
sections from different organs that these areas lead to vessel wall 
changes usually at the place where the intimal proliferation is most 
marked. In other words, the intimal thickening in periarteritis 
nodosa is usually the consequence of vessel wall changes in the 
media. 

In this stage of granulation tissue formation, aneurysms or rupture 
of the wall may occur or there may be only a thickening of the wall 
from intimal proliferation, or granulation tissue formation outside 
the adventitia. Cases without nodule formation on the vessels may 
be overlooked unless examined microscopically. 

Clinical Syinptonis: In this stage marked anemia, emaciation and 
marasmus usually develop if the involvement is widespread. If con- 
fined to a non-vital organ or tissue, healing may occur, clinical as 
well as histological. The fever and leukocytosis usually drop or may 
entirely disappear. However, acute exacerbations are the rule, with 
the development of fresh foci. The symptoms in this stage are due 
to vascular occlusion of the kidneys, heart, gastro-intestinal tract, 
peripheral nerves, muscles, and glands of internal secretion. They 
are hypertension, nephritis, renal insufficiency, cardiac failure, in- 
tense pains in the abdomen, icterus, ulcerations or gangrene of the 
bowel, peripheral neuritis, muscular atrophy, Addisonoid S3anptoms, 
etc. Or a sudden collapse due to internal hemorrhage may occur 
(kidneys, liver, gaU bladder, gastro-intestinal tract, pancreas, lungs, 
brain, etc.). The diagnosis of rupture of an artery can then be made. 
Such hemorrhage is more common in the second stage of the disease. 

Fourth or Healed Granulation Tissue Stage 

Patholop: This is the histologically healed end-stage or scar tissue 
stage, as illustrated by the case of periarteritis obsoleta nodosa of 
four years duration, which we shall describe. The destroyed arterial 
wall, often only the inner media including the elastica interna, is 
replaced by an indifferent fibrous scar tissue poor in nuclei. The 
lumen is greatly reduced in size or totally obliterated. Often only 
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Case Reports 

Case i. Clinical Eislory: The patient, Franciska H., a dressmaker 46 years 
of age had the following history: Both parents died of old age. The patient 
has four sisters, one has heart i'sease, another gastric ulcer. The patient was 
always well until three years before her present illness when she had pneu- 
monia. A year ago she had a “rheumatism” confined to the left shoulder joint. 

The present illness began six weeks before entrance into the hospital with 
intense pain in the leg muscles so that the patient couldn’t walk. Soon sirnij^r 
pains developed in the arms and hands. She stated that she had no fever at this 
time. About fourteen days ago the patient suddenly developed high fever to 
40° C, with chills and slight sore throat. The angina disappeared after a few 
days, but not the fever. 

Examination showed a medium-sized woman with poor musculature and very 
little subcutaneous fat. The cranial nerves were aU free from disturbance. In 
the chest there was a slight dullness over both apices, but the lung borders were 
normal. The heart was not enlarged. There were no murmms. The liver was 
slightly enlarged on percussion. The spleen was not palpable. 

The pulse rate was 100-120 but regular. 

There was marked tenderness on pressure over the sciatic nerve, also the 
peripheral nerves of the upper extremities. The patellar reflex was present, the 
Achilles’ reduced. There was no Babinski, no clonus. 

The white blood count was 12,400. The Wassermann was negative. Blood 
cultures taken at the height of the fever were negative. Repeated examination 
of the sputum failed to reveal tubercle bacilli. The patient’s septic temperature 
continued imchanged in spite of the use of aspirin, electrocoUargol, Pregl’s solu- 
tion, etc. The heart action remained good and no signs of endocarditis could be 
found. 

Twelve days after entrance, on October 24, the pains in the arms increased. 
There were sensory disturbances in the radial nerve distribution of the right 
hand. The reflexes in the left arm were increased. On November 3, the con- 
dition of wrist-drop developed on both sides. The radiah's no longer reacted to 
galvanization or faradization. 

On November 5, the findings in the arms were as follows: 

Right Arm: The patient could carry out all movements in the shoulder joint 
and elbow, but only slowly and with effort. The movement of the wrist and 
finger joints was practically impossible. The radialis showed no reaction to 
faradic or galvanic current. The ulnaris reacted slightly to faradization. 

Left Arm: There was slight improvement, the radialis and ulnaris reacting 
to faradic with slow contraction of the muscles. 

Right Leg and Left Leg: The peronealis reacted but the tibialis did n’t. 

On November 12, the reflexes were absent in the lower extremities. The 
reaction of the nerves of the arms varied, one day they reacted slightly, the 
next day not at all. 

The patient became weaker every day and drugs were ineffective. On 
November 19, the patient collapsed and received camphor and caffeine. On 
November 28, the patient developed severe pain in the abdomen; the large 
intestine could be palpated and was strongly contracted. There was a slight 
diarrhea with bloody stool. On November 29, the patient became comatose, and 
developed a right-sided facial paralysis. Speaking was difficult, also swallowing. 
The patient died on November 30, in deep coma. 
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and the hemosiderin slowly disappears. Xhe healed scar tissue re- 
hiains as evidence of the seventy and extent of the earlier acute in- 
flammatory process. The perivascular mantles of scar tissue, which 
we have found surrounding the arteries with extensive destruction, 
we consider to be characteristic for this healed end-stage. These 
arteries lie embedded in thick sheaths of scar tissue radiating through 
the affected organ, producing the appearance of an interstitial scar 
tissue formation. Where the arterial destruction is greatest there 
the periarterial healed granulation tissue is the thickest. 

The final organ changes in this stage are contracted kidney, con- 
tracted scarred liver (hepar lobatum), myomalacia scars, adrenal 
atrophy, necrosis or ulceration in the gastro-intestinal tract, en- 
cephalomalacia, muscle atrophy, and peripheral nerve degeneration. 
In other words, we may have healed infarcts or atrophy in any of the 
organs with characteristic arterial changes. The vessel changes may 
be microscopic or macroscopic. With severe changes there are often 
nodules on the arteries produced by healed aneurysms or periarterial 
scar tissue formation. Elastic tissue stains of the arteries, and serial 
sections should be made in all suspected cases. 

Clinical Symptoms: There is an absence of fever in this end-stage 
when, as in my case, all the lesions in the body are histologically 
healed. The pulse remains accelerated, but is usually regular. The 
leukocyte count is normal. The symptoms are due to a progressive 
reduction of the blood supply in the various organs, and may be as 
variable as in the earlier stages, depending upon the localization of 
the vascular process. We can expect as most common: renal insuf- 
ficiency, cardiac failure (without pulmonary or other demonstrable 
cause) which is resistant to the action of digitalis, degenerative 
polyneuritis, marasmus, muscular atrophy, abdominal cramps, 
hepar lobatum, gastro-intestinal ulceration, encephalomalacia, ad- 
renal ins\iflB.ciency or even polyglandular insufficiency. 

The difficulty in the diagnosis of the disease in the earlier stages 
seems to be even greater in this histologically healed end-stage. The 
history of a previous severe febrile attack, the symptoms of renal 
involvement, polyneuritis and polymyositis, and abdominal pains, 
that most common tetrad of symptoms in periarteritis nodosa, might 
enable one to diagnose the healed end-stage. The finding of nodules 
in the skin with the characteristic histological changes would render 
possible the diagnosis. 
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Summarizing our observations in this case we find; 

A woman of 46 years developed a severe polyneuritis with pain, 
marked weakness, and atrophy of the muscles of the extremities, loss 
of reflexes and wrist-drop. This was accompanied by a persistent high 
septic temperature, a rapid regular pulse. Then came a severe col- 
lapse, followed by intense abdominal pain and bloody diarrhea. 
Death was due to cerebral apoplexy with rupture into the lateral 
ventricle. The autopsy revealed a generalized periarteritis nodosa. 
This variety of symptoms; weakness, septic temperature, poly- 
neuritis, abdonunal pain followed by melena, and cerebral hemor- 
rhage, could not be “brought under one hat” by the clinician. We 
want to emphasize this very fact as characteristic of most cases of 
periarteritis nodosa. When we find such a variety of symptoms, 
referable to various organ systems, we should think of a common 
vascular cause such as periarteritis nodosa. 

Case 2. Clinical History: Joseph H., aged 55 years, had always been well. 
The family history revealed nothing of importance. Except for a severe bum 
sustained by the patient fifteen years ago he had always been well. The patient 
entered the hospital on October 20, 1925. 

The present illness began three weeks ago with intense pain in the right calf 
of the leg. The pain then spread to the knee region and the toes. He had the 
feeling that the leg was swollen. The pain was more severe on walking than on 
lying in bed. There was a sensation of numbness in the leg, with paresthesia at 
times. A week later the same symptoms developed in the left leg, but not so 
severe as in the right. StiU he could continue his work until October 16, four 
days before entrance into the hospital. On October 17, the pains became so 
intense that the patient was forced to bed. At this time similar symptoms de- 
veloped in the left forearm and hand. The left extremity was weaker and 
anesthetic. The patient also had been vomiting two or three times a week in 
the morning for five weeks. 

The patient drank five to six beers and about one quarter of a liter of wine 
daily. He had been a heavier drinker. Venereal disease was denied. The 
patient smoked, but not to excess. 

We shall not give the complete physical findings, but only those facts of in- 
terest in connection with the disease. 

The patient was a medium-sized well developed man in good nutritional con- 
dition. There was no edema, icterus or cyanosis. The head was entirely normal, 
the pupUs reacted normally to light and accommodation. The thyroid was not 
enlarged, there were no abnormal glands palpable. 

The heart and lungs were normal, except for a few riles at the base of the right 
limg posteriorly. The pulse was 100, regular. The temperature of the patient was 
remittent, rising afternoons to as high as 39° C. The liver and spleen were not 
enlarged. There was no abnormal resistance in the abdomen. The blood pres- 
sure was 145 to 160 mm. systolic. The Wassermann test of the blood was negative. 

The movement of the left arm and both legs was considerably reduced, as also 
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The clinical diagnosis was infiltration of the right upper lobe with abscess 
formation, polyneuritis, metastatic process in cerebro, enteritis. 

The autopsy, performed by Dr. Feller, revealed an extensive 
periarteritis nodosa involving almost all the organs of the body, in- 
cluding the central nervous system as well as the peripheral nerves. 
Most marked are the changes in the gastro-intestinal tract. In the 
stomach there are infiltrations on the arteries up to the size of a pea 
along the greater and lesser curvatures. The nodules in large 
numbers produce protuberances of the mucosa so that the inner sur- 
face of the stomach appears nodular. Especially numerous are the 
nodules about the small arteries at the mesenteric attachment of the 
small and large intestine. Also in the intestines the nodules often 
cause protrusion of the mucosa into the lumen. In places the in- 
testinal wall appears to be undergoing necrosis. In the large in- 
testine (cecum, ascending and transverse colon) are a number of 
bleeding ulcers of the mucosa, some covered with a necrotic mem- 
brane. These vary in size up to 2 cm. In the ileum longer stretches 
of the wall are necrotic. There is a circumscribed fibrinous peritonitis 
over these areas. 

Miliary to pea-sized nodules are found on the peripheral arteries. 
In the extremities along the muscle and nerve branches are numer- 
ous pinhead to millet-seed-sized nodules. Many nodules are seen in 
the liver along the branches of the hepatic artery, in the kidneys and 
in the pancreas. There are many nodules and areas of thickening on 
the coronary arteries. 

A large fresh cerebral apoplexy exists in the region of the left 
basal gangha and reaching almost to the cortex, with perforation 
into the left lateral ventricle. A confluent lobular pneumonia is 
present in the right lung, with fibrinous pleuritis. 

Histological studies showed acute and chronic changes in the 
arteries of every organ in the body. I wish to call attention to the 
presence of multiple small periarteriolar hemorrhages in the brain, 
in some places without demonstrable arteriolar change other than a 
shght swelhng or edema of the wall. The very extensive degenera- 
tion of the peripheral nerves, always accompanied by severe arterial 
changes yith. obliteration of the lumen in many places, is of special 
interest in this case. Also the marked involvement of the gastro- 
intestinal tract with numerous nodules in the submucosa commands 
our attention. 
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Hydrothorax and hydroperitoneum are present. Hemorrhagic in- 
farcts are visible in both lungs, with a lobular pneumonia and fibrin- 
ous pleuritis in the lower lobes. The heart is enlarged, with eccen- 
tric hypertrophy of both ventricles, and dilated auricles. The 
valves are all normal. The myocardium is pale grayish red to yellow, 
and its consistency is reduced. Everywhere are small scars of whitish 
color in addition to the general fatty degeneration. The coronaries 
are straight and delicate, but along their course are numerous pin- 
head-sized whitish spots or nodules. 

The aorta is smooth and appears entirely normal, as also its large 
branches. The thyroid appears normal. The liver is large, of normal 
consistency. On the surface are many irregularly outlined bluish red 
depressions i to 3 cm. in diameter and easily visible through the 
delicate capsule. 

These areas are mostly in the left lobe and left half of the right 
lobe. On the cut surface they are dark red and depressed. The liver 
parenchyma is destroyed leaving behind a vascular network filled 
with blood. Here and there are thickened vessels with narrow or 
obliterated lumen. 

The gall bladder appears normal. The spleen is enlarged. The 
kidneys are large, the capsule adherent and thickened. The surface 
is very irregular with numerous dark red retractions of various sizes. 
There are other small yellowish necrotic areas. On the cut surface 
the thickened arteries are visible, some appearing as round gra3dsh 
areas without any lumen. The adrenal and pancreas appear normal. 

On the arteries along the lesser curvature of the stomach, on the 
arteries of the small intestine in the immediate vicinity of the mesen- 
teric attachment to the bowel, and on the vessels from the mesocolon 
to the large intestine are everywhere numerous nodules, often ar- 
ranged in chains like a string of pearls {perlschnurartig). The nodules 
are mostly of the size of a hempseed. Some vessels present thicken- 
ings in the wall which hardly protrude beyond the surface. The 
mesenteric lymph nodes are somewhat enlarged. The prostate, 
testicles and epididymes appear normal. There are fresh thrombi 
in the veins of the prostatic plexus, in the posterior tibials and the 
muscle branches of the lower extremities. 

In this case of acute periarteritis nodosa we find as the predomi- 
nating symptom the pol3meuritis, with paresthesias, muscle pains 
and weakness, anesthesia, loss of reflexes and wnst-drop. The 
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the strength in these extremities. The patient dragged his foot somewhat on 
walking. The patellar and Achilles’ reflexes were somewhat reduced. 

The patient perspired considerably. He developed paresthesias in the right 
hand on October 24. On October 27, the pain in the calves disappeared, and 
the paresthesia was less marked. The patellar and Achilles’ reflexes were gone. 
There was a slight edema over the internal and external malleoli. The muscle 
sense of the fingers and wrist was greatly disturbed. The right hand developed 
a wrist-drop with hyperesthesia in the radialis region. There was a marked 
atrophy of the interossei muscles. 

On November 3, the edema about the ankles was still present. The tempera- 
ture rose daily to 38 or 39° C. Both arms could be moved only with difficulty. 
The urine showed a trace of albumin, but no renal elements. 

On November 10, the pain in the calves was still present. The heart dull- 
ness was enlarged, the pulse 104. On the 15th, the sensory disturbances of the 
ends of the lower extremities were somewhat reduced. The patient could lift his 
right foot a little better. On November 20, the movement of the wrists and 
finger joints was somewhat better. 

On December 2, the patient developed severe dyspnea, with numerous 
bronchial rales over the entire lung. He had a tachycardia. The liver was en- 
larged, hard and painful to pressure. There was no ascites. On December 7, 
dullness was found over the right base posteriorly. The heart apex lay in the 
6th interspace in the anterior axillary line. The edema of the lower extremities 
and sacral region was increased. 

The patient died on December 15, after an illness of about ten weeks. The 
clinical diagnosis of Professor H. Schlesinger was: polyneuritis alcoholica, 
myodegeneratio cordis with marked decompensation, pneumonia. 

The following laboratory findings are also of interest: 


October 20: Urine negative, specific gravity 1020. 

November 27: Urine: albumin positive, blood positive with numerous 
red corpuscles, few leukocytes and epithelial cells. 

November 30: Urine: albumin positive, with few granular casts, leuko- 
cytes and epithelial cells, but no red corpuscles. 

December 7: Albumin negative, no red corpuscles. 

December 13 : Albmnin positive, urobilin and urobilinogen positive. 

December 14: White blood count 17,500 

Polymorphonuclears 81 

Monocytes 5 

Lymphocytes 14 


The autopsy on December 15, 1925, performed by Dr. Matras in 
the Pathological Institute of Professor Maresch, revealed the fol- 
lowing: 

There is a universal edema of the skin. The dura of the brain is 
tense, the meninges are somewhat thickened. 

The fluid in the subarachnoid space is increased, with a slight 
edema of the brain. The ventricles are slightly enlarged and contain 
a clear fluid. The cord presents no macroscopic changes. 
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Six days ante mortem the patient had a collapse, the pulse being 140, the 
temperature only 36.8° C. The next day rales were heard at the base of both 
lungs. Then dullness developed on both sides. The dyspnea became more 
severe and bronchial breathing was audible over the entire lung. The patient 
died on September 17, after a six-day fever-free period. The clinical diagnosis 
was sepsis of unknown cause with terminal afebrile pneumonia. 

The postmortem examination performed by Dr. Feller in the 
Pathological Institute of Professor Maresch revealed the following: 

A recent confluent lobular pneumonia of all the lobes, with a 
high grade pulmonary edema; eccentric hypertrophy of both ven- 
tricles, especially the left. The coronary arteries are normal except 
for slight atherosclerosis. There is a fatty degeneration of the my- 
ocardium. A right-sided aorta, which runs over the right bronchus 
and behind the esophagus, is found. 

The liver displays on its surface numerous irregularly outlined 
dark red depressions which vary in size up to 2 cm. in diameter. 
Similar areas can be seen on the cut surface. The branches of the 
hepatic artery show marked periarteritis nodosa with occlusion of 
the small branches. The reddish depressed areas represent infarcts. 

The kidneys are irregularly coarsely granular. The reddish gray 
depressions represent multiple healed infarcts. There are also many 
fresh anemic infarcts present. The branches of the renal artery 
show extensive changes with wall destruction, aneurysm formation, 
thickening of intima and thrombosis. Many are in the acute inflam- 
matory stage. Those in the granulation tissue stage are often sur- 
rounded by a mantle of periarterial connective tissue. Some of the 
glomeruli present the typical picture of a glomerulonephritis. The 
pancreas and adrenal are macroscopically normal. The arteries of 
the arms and legs show miliary aneurysms on their smaller muscular 
branches. The arteries of the peripheral nerves show no typical 
changes macroscopically, but microscopic examination reveals 
marked changes. 

The stomach and intestines appear normal. There are also no 
changes in the central nervous system. 

When we briefly summarize this case we find; A man of 50 years 
suffered frorn an angina followed by three attacks of fever. The 
last attack was accompanied by edema of the legs with intense pain 
in the muscles, chiefly the peroneal group. He had a polymorpho- 
nuclear leukocytosis and intermittent temperatme to 39.3° ^ 

nephritis with hematuria but no increased blood pressure. Death 
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second most important symptom is the remittent temperature. 
Vomiting was the only gastric symptom. Then came signs of cardiac 
decompensation. The renal symptoms were the transient hema- 
turia and albuminuria. Death resulted from cardiac failure with 
pneumonia and hemorrhagic infarction of the lungs. 

The histological changes were typical of acute and subacute 
periarteritis nodosa of the heart, kidneys, arteries of the peripheral 
nerves, liver, and mesenteric branches. 

Case 3. Clinical Eisiory: Hugo H., 50 years old, entered the Wenckebach 
Clinic on August 19, 1925. The patient had measles, whooping cough, scarlet 
fever and diphtheria in childhood. At the age of 21 years he had a soft chancre. 
The patient denied the use of alcohol and was a moderate smoker. 

The present illness began in June, about two months before his entrance 
into the hospital. He had an attack of angina with fever lasting ten days. He 
remained in bed three weeks and then returned to his work. After a four-day 
afebrile period he developed a second attack of fever lasting five days. Four- 
teen days later a third attack occurred. This began about the second of August 
and lasted until his admittance on August 19. His temperature during the at- 
tacks reached 39 to 39.5° C. During the third attack pain and swelling of the 
legs appeared. A week’s rest in bed brought relief. The pain was chiefly in the 
calves and in the peroneal muscles, making walking impossible. 

The examination on August 20, revealed the following: 

A well developed man, with somewhat atrophic musculature. The tempera- 
ture 37 .7° C, respiration 20, pulse 90 and regular. The pupils were equal, reacted 
normally to light and accommodation. The tonsils were enlarged. The lungs 
presented nothing pathological, except for a dullness over the left apex. The 
heart was slightly enlarged to the left. The blood pressure was 150 systolic. A 
soft systolic murmm: at the apex was heard on August 29, ten days after admis- 
sion. The liver was slightly enlarged. The spleen was not palpable. 

On both legs there were areas of paresthesia involving chiefly the peroneal dis- 
tribution. In the center of these areas there was complete anesthesia. Here the 
pain was most intense a few weeks earlier. 

Examination of the fundus oculi was negative. X-ray examination of the 
chest showed a darkening of the left apex, with calcified spots in the left hiltim 
region. The heart showed an enlargement of the left ventricle. I found a 
hitherto undescribed anomaly of the aorta, a right-sided retro-esophageal aorta 
which was confirmed at autopsy. The blood and spinal fluid Wassermann were 
negative. Agglutination reactions for typhoid and paratyphoid were negative. 
The blood examination showed 12,000 leukocytes with 82 per cent polynuclear 
neutrophiles and 3 per cent eosinophile£ The red coimt was 3,600,000 and 
the hemoglobin 60 per cent, an index of 0.9. The spinal fluid was normal. 

The examination of the patient failed to reveal the cause of his intermittent 
temperature which in the mornings reached as high as 39.3° C. The patient 
gradually developed an edema of both legs. The pulse was always rapid, 
averaging no. ’ 

Several examinations of the urine revealed about 1/4 per 1000 albumin and 
numerous red blood cells and some leukocytes in the sediment. The residual 
nitrogen in the blood was normal. 
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Lumbar puncture yielded a pressure of 300 mm., the spinal fluid clear with 
15 cells per cmm. The intense headache persisted. The patient had signs of 
cardiac failure with edema of the extremities and also rMes at the base of both 
lungs. On December 10, the patient developed a deviation of both eyes to the 
left, unconsciousness and tracheal rMes, and died. 

The blood pressure of the patient varied between 170 and 190 systolic, and 
no and 120 diastolic. The concentrating power of the kidneys was reduced, 
the urine specific gravity never above 1017, The sediment contained red cells, 
leukocytes and casts, also renal epithelium. Once the stool gave a positive re- 
action for blood. The blood Wassermann test was negative. The temperature 
was subnormal mornings and reached 37.5° C afternoons. It was never above 
37.5° C during the stay in the hospital. 

The autopsy performed on December 10, revealed a chronic peri- 
arteritis nodosa affecting chiefly the kidneys, liver, heart, peripheral 
nerve vessels, and mesenteric arteries. There are numerous nodular 
thickening of the arteries. The most marked changes are seen in the 
coronaries, hepatic artery branches, renal arteries and mesenteric 
arteries. 

The myocardium is macroscopically unchanged. There is a 
marked hypertrophy of the heart, especially the left ventricle. The 
liver presents numerous smaller and larger depressed and irregularly 
outlined gray-red areas, which consist almost entirely of blood 
capillaries and in which the liver parenchyma is destroyed. 

The kidneys show the most marked changes. The surface presents 
relatively small light gray and grayish yellow, flat prominent smooth 
areas with irregular outline. These represent the rests of the cortex. 
Between these areas are numerous dark red depressions representing 
the healed infarcts due to arterial occlusion. The larger branches 
of the renal artery in the hilum region are greatly thickened. The 
testicles contain a number of smaller and larger fibrous scars. 
The vessels of the peripheral nerves show no macroscopic changes. 
The cerebral vessels appear macroscopically unchanged, yet in the 
region of the left caudate nucleus there are several grayish red un- 
sharply outlined and slightly depressed areas. Also in the cerebellar 
cortex there are multiple foci of hemorrhage of various size up to 
2 cm. Bilateral pleural effusion and uremic pericarditis are also 
present. 

Histologically we find the vascular thickenings to be due to a 
thickening of all the layers of the wall, especially the intima and 
adventitia with rich perivascular connective tissue formation. In 
some places acute inflammatory changes are still present, with 
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was due to confluent lobular pneumonia and cardiac weakness. The 
postmortem examination revealed an acute and chronic periarteritis 
nodosa affecting chiefly the kidneys, liver, musdes of the extremi- 
ties, and peripheral nerves. The presence of multiple infarcts in the 
kidneys in the absence of an endocarditis should always call to mind 
the possibility of periarteritis nodosa. We have diagnosed two cases 
postmortem by this finding, together with thickenings and nodule 
formations on the arteries. 

Case 4. Clinical History: Jacob S., aged 34 years had no chil^en’s diseases, 
and was never seriously ill until his present illness. The family history revealed 
nothing of importance. The patient’s present illness began in June, 1924, five 
months before he came to the clinic. He had at the onset generalized rheumatic 
symptoms with temperature to 39° C. There was no swelling of the joints, but 
slight edema of the legs in the afternoon when the patient was up and about. 
He was under a physician’s care and at home for seven weeks. He then went 
to a clinic where he remained four weeks on account of an acute nephritis and 
left feeling quite well. The rheumatic pains in the extremities disappeared. A 
few days after returning home the patient again developed the pains in the ex- 
tremities with edema of the legs. Then severe headaches set in for about four- 
teen days. About two weeks after the onset of this attack an orchitis appeared. 
It lasted about four weeks. Since the development of the headaches the patient’s 
vision has suffered. There were no mental disturbances. On account of the 
severe headaches the patient came to the clinic on November 17, 1924. The 
patient stated that he drank about one liter of wine daily, and smoked 30 to 40 
cigarettes. He denied venereal infection. 

The patient was a medium-sized well nourished man. He was somewhat 
stuporous. The sMn was pale but not edematous. The pulse was 88, regular. 
The pupils were equal and reacted normally to light and accommodation. The 
thyroid was not enlarged, nor were any enlarged glands present in the neck 
region. The thorax was symmetrical, the lung borders normal. ' The heart dull- 
ness was slightly increased to the left. The aortic second sovmd was accentuated. 
The liver and spleen were not palpable. There was no ascites. The external 
genitals appeared normal. 

Examination of the eyes on November 18, revealed the following; In the right 
eye there were no certain changes in the frmdus. In the left there were varia- 
tions in the caliber of the small arteries in the region of the papilla. There was 
a slight edema of the retina about the papilla. The residual nitrogen in the 
blood on November 20, was 34 mg. Examination of the urine showed albumin 
2 per 1000 (Esbach) with erythrocytes, leukocytes and many granular casts 
in the sediment. 

^ On November 27, the patient’s headaches became more intense, with vomit- 
ing, sleeplessness and still greater reduction of vision. On December 3, the 
fundus showed; In the right eye the border of the papilla was indistinct, with 
rnarked edema of the retina, and small hemorrhages. No foci of retinitis were 
visible. There was an ablatio retinae in the nasal peripheral zone. The left eye 
showed more marked unsharpness of the papilla and edema around it. Many 
radiaty hemorrhages were seen about the papiUa. Ablatio retinae in the lower 
periphery. The residual nitrogen on December 5, was 50 mg. 
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tity of urine decreased. The edema of the legs was relieved by puncture but soon 
recurred. On October 5, the patient became very dyspneic with marked con- 
gestion of the veins of the neck. The dullness over both lungs reached to the 
fourth rib. The patient died on October ii, 1922. 

At no time during the patient's stay in the hospital was there any fever, the 
highest temperature being 36.8° C. At the same time the pulse was always 100 
or more. 

The following laboratory findings are of interest: 

The stomach contents was anacid. The stool was positive for blood. The 
urine contained 1/4 per 1000 albumin, but no erythrocytes or leukocytes. The 
specific gravity was low, the chlorides reduced. The Wassermann was negative. 
The fundus oculi was examined October 7, and reported normal. 

The autopsy was performed by Dr. Feller on October 11, 1922. 
The lungs are free from tuberculosis. There is a marked compres- 
sion atelectasis of both lower lobes, with slight emphysema of the 
upper lobes. The lungs are congested. The heart is hypertrophic, 
especially the left ventricle. The subepicardial fat is absent. The 
coronary arteries are thickened. Numerous nodular thickenings are 
seen in the wall of both coronary arteries. On cross-section the 
wall appears greatly thickened, the lumen reduced to a narrow slit 
in places. 

The aorta is practically free from atherosclerosis. A thrombus is 
present in the left auricle. 

The liver is relatively small, and resembles a hepar lobatum 
S)^hiliticum. Its surface is coarsely granular, and in a number of 
places there are deeply penetrating depressed scars. The capsule 
of the liver is wrinkled in the sunken areas. The left lobe is small 
and more markedly affected than the right. On the cut surface are 
found septa of connective tissue containing obliterated thickened 
branches of the hepatic artery. Nodiilar thickenings occur on some 
of the branches. There are also areas of normal liver tissue with 
normal acinous structure; and immediately adjacent are areas of 
marked congestion in which the parenchyma has disappeared. The 
spleen is slightly enlarged. The pancreas is atrophic, but its lobular 
structure is well preserved. 

The kidneys are about normal in size. The arteries are thick- 
walled and gaping. The surface is very irregular with numerous de- 
pressions of various size. These are reddish in color. On the cut 
surface are partly wedge-shaped and partly more rounded eleva- 
tions which correspond to the nodules of parench3ma seen on the 
surface. In the retracted areas the cortex is absent. Ever3rwhere 
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leukocytes and a few eosinophiles. Many arteries are occluded by 
thrombi undergoing organization. Most of the nodules are in the 
granulation tissue stage. 

The pathological diagnosis is; Periarteritis chronica nodosa; 
atrophia renis ex periarteriitide. Uremia. 

In this case also the pains in the extremities, without any joint 
involvement dominated the clinical picture. An attack diagnosed 
acute nephritis followed two months after the onset of the disease. 
Then came an attack of orchitis, severe headaches and marked 
visual disturbance. The changes in the fundus are of great impor- 
tance because their occurrence enables the ophthalmologist ac- 
quainted with periarteritis nodosa to make the diagnosis. 

The hematuria and terminal uremia are quite characteristic of 
this disease. The hemorrhages in the central nervous system are 
unusual and have been seen in only nine cases to date. As in this 
case the diagnosis of acute nephritis is often made in the early stage 
because of hematuria. 

Case 5. Clinical History: The patient, Joseph S., entered the hospital on 
August II, 1922. There was nothing of importance in the family history. The 
patient was never sick until 1918, when he became suddenly ill with a high 
fever, severe icterus and “acute nephritis.” He was then in a hospital for six 
weeks and gradually recovered and returned to his work. 

The present illness began in May, 1922 (four years later) with cramp-like 
pains in the epigastrium. These pains were so intense that the patient was forced 
to bed. He had a feeUng of pressure in the stomach region, which was intensified 
by the taking of food. It was relieved by hot applications. There was no vomit- 
ing. Appetite was poor. The patient was constipated. Several weeks’ treat- 
ment by a family physician was without effect and the patient entered the 
clinic on August ii, 1922. 

The patient was much emaciated, the musculature atrophic. The skin was 
brown and pigmented. The mouth mucosa was not pigmented. The pupils 
reacted normally to light and accommodation. The veins of the neck were some- 
what dilated. 

A slight asymmetry of the thorax was present. The lungs were normal. The 
heart was slightly enlarged to the right; the heart sounds were normal. The 
pulse was regular, 90 to 100 per minute. The blood pressure was 150. 

The abdomen was retracted. The spleen was not palpable. The liver could 
be palpated below the costal margin and seemed to have an irregular border. 
The patient complained of intense pain in the epigastrium. 

On August 15, the patient revealed a dullness at the base of both limgs with 
signs of bronchitis. The apex beat was two finger-breadths outside the mid- 
clavicular line. On August 24, a marked edema of the legs had developed, as 
well as a generalized anasarca. There was dyspnea, the pulse was 120. The bilat- 
eral hydrothorax was increased. There was a systolic murmur at the apex of the 
heart. In spile of digitalis therapy the patient’s edema increased and the quan- 
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great thickness, which made spasm of the vessels impossible, explains 
the absence of angina pectoris in this case. 

We have here a new clinical syndrome due to histologically healed 
periarteritis nodosa; renal insufficiency, cardiac insufficiency and 
hepar lobatum. The finding of hepar lobatum in this disease makes 
it necessary to examine the vascular changes in such livers more 
carefully, instead of assuming the syphilitic nature of this condition. 
Also extensive fibrosis or atrophy of other organs may be due to 
periarteritis nodosa. 

The Important Symptoms Observed in the Five Cases 


Herein Reported 

Accelerated regular pulse 5 

Edema of the legs 5 

Septic type of temperature 4 

Pain in the extremities, polyneuritis (wrist-drop in two cases) 4 

Hematuria 4 

Cardiac insufficiency 3 

Helena 3 

Cerebral symptoms 3 

Onset with acute angina 3 

Abdominal pain 3 

Changes in the fundus oculi 1 


Summary 

1. Periarteritis nodosa is a specific infectious disease probably 
caused by a filterable virus, with an elective affinity for the arteries 
of the body. The organs most commonly involved are the kidneys, 
heart, liver, muscles, peripheral nerves and gastro-intestinal tract. 
Any organ, or all may be affected. 

2. The chief symptoms are a septic temperature, polyneuritis and 
polymyositis, hematuria or nephritis, abdominal cramp-like pains, 
progressive emaciation. The great variability of the symptoms, 
pointing to involvement of various organs, and the tendency toward 
acute exacerbations are suggestive of periarteritis nodosa. 

3. The pathological changes in the arteries may be divided into 
four stages: (i) alterative-degenerative, (2) acute inflammatory, 
(3) granulation tissue, (4) histologically healed end-stage or scar 
tissue stage. 

4. We have described the histolo^cally healed end-stage of peri- 
arteritis nodosa. A patient with a single severe illness consisting of 
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the branches of the renal artery are thickened, some have nodules. 
Many are totally obliterated. Some of the nodules are spindle- 
shaped and surround the entire circumference, others are smaller 
and involve only part of the circumference. In places linear thick- 
enings appear in the wall. 

The mesenteric arteries are rigid and gaping with scattered small 
nodules in the wall. In the testis are several large infarcts. The 
gastric arteries are thickened and rigid, some show no visible lumen. 

The histological examination of over j&fty blocks of tissue from 
various organs revealed the fact that we are dealing here with the 
histologically healed end-stage or scar tissue stage of a generalized 
periarteritis nodosa, a periarteritis obsoleta nodosa. Nowhere is there 
evidence of acute inflammation. In practically aU the cases hitherto 
described various stages of the inflammatory disease have been 
found, due to the acute exacerbations so common in this disease. 
The characteristic changes found in this case are: 

(1) Intima proliferation with new formation of elastic fibrils, 
leading to stenosis or even complete occlusion. 

(2) Extensive destruction of the media including the elastica 
interna, or of the entire vessel waU, with aneurysm formation and 
thrombosis. The thrombosis is followed by complete organization, 
with here and there deposition of hemosiderin. 

(3) A periarterial healed granulation tissue mantle consisting of 
dense fibrous connective tissue containing capillaries and hemo- 
siderin deposits. 

(4) Extensive destruction with even aneurysm formation in 
arteries with high grade intima proliferation. 

(5) Healed infarct scars in most organs. 

(6) High grade stenosis of both coronary arteries. 

The consequence of the periarteritis obsoleta nodosa in our case 
was the development of : contracted kidneys, hepar lobatum, high 
grade coronary stenosis, infarction of the testicle, myomalacia 
scars, etc. 

Death resulted from myocardial and renal insufficiency. Of great 
interest is the fact that the patient had no S3miptoms of angina 
pectoris, although both coronary arteries were reduced to one- 
fourth or less of their normal caliber. This finding shows us that 
a reduction of the blood supply to the myocardium need not cause 
angina pectoris. Perhaps the rigidity of the arteries due to their 
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have seen changes in the thyroid, adrenal, pancreas, ovary, and 
testis due to periarteritis nodosa. 

9. How often periarteritis nodosa of a single organ or of numerous 
organs, comes to a complete standstill is difficult to say. We are 
inclined to consider complete histological healing, as in one of our 
cases, a rare occurrence. For in practically all the cases till now 
described acute as well as chronic changes have been present. 
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icterus, high fever and acute nephritis died four years later of renal 
and cardiac insufi&dency. The postmortem findings revealed a his- 
tologically healed end-stage of periarteritis nodosa affecting all the 
organs of the body except the central nervous system. The con- 
tracted kidneys, hepar lobatum, myomalacia scars, pancreatic and 
adrenal atrophy, and coronary stenosis were all due to this disease. 

5. A new clinical syndrome characterized by cardiac insufficiency 
which failed to react to digitalis, renal insufficiency with low specific 
gravity of the urine and reduced chlorides, progressive emaciation, 
abdominal pain and hepar lobatum is described. Especially impor- 
tant is the fact that the patient lived four years after his single acute 
attack, and that the patient was entirely free from temperature 
during his fatal illness. The absence of temperature indicates his- 
tological healing of the disease. 

6. Periarteritis nodosa is of interest to the surgeon because it 
can produce the symptoms of an acute cholecystitis with severe 
changes in the gall bladder, internal hemorrhage due to rupture of 
an aneurysm (kidney, liver, pancreas, brain, gastro-intestinal tract, 
lungs), or gangrene of the intestine with peritonitis. The great fre- 
quency of polyneuritis as the first and predominating symptom 
should interest the neurologist. In four of our five cases this was a 
prominent symptom. And the ophthalmologist who becomes ac- 
quainted with the disease may enable us to make the correct diag- 
nosis in vivo by finding nodules or localized thickenings on the retinal 
arteries. 

7. The diagnosis of periarteritis nodosa is very difficult, and it is 
only by keeping in mind the cardinal symptoms which we have de- 
scribed that the internist will be able to recognize the disease, after 
having ruled out other possibilities. In a few cases the diagnosis 
has been made by finding nodules in the skin with the characteristic 
histological changes in the blood vessels. 

8. I wish to call attention to the fact that there is a microscopic 
form of periarteritis nodosa which can be recognized only by a care- 
ful study of tissues, especially with elastica stains of the blood ves- 
sels. Pathologists should examine carefully the arteries in atrophic 
organs or those with extensive fibrosis not to overlook changes such 
as we have described for the end-stage of periarteritis nodosa. It is 
possible that some cases of insufficiency of one or more glands of 
internal secretion may be due to atrophy caused by this disease. We 
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DESCRIPTION OF PLATES 
Plate 89 

Fig. I. (Case 5.) Healed periarteritis nodosa. A branch of the mesenteric 
artery with marked intimal proliferation with new formation of elastic 
fibrils. At this level the internal elastic layer is intact. Serial sections 
showed areas of wall destruction from which the intimal proliferation pro- 
gressed. X 150. 

Fig. 2. (Case 5.) Left coronary artery. This vessel presents an extensive de- 
struction of about two-thirds of the circmnference of the artery. The 
lumen has been greatly reduced in size by organized thrombi and intimal 
proliferation. There is also the characteristic periarterial healed granula- 
tion tissue mantle. Elastic tissue stain, x 100. 

Fig. 3. (Cases.) Pancreatic artery. Here the high-grade intimal proliferation 
predominates. At the other levels characteristic wall changes were found. 
Other arteries with complete obstruction by organized thrombi or intimal 
proliferation were found, x 150. 

Fig. 4. (Case 5.) A bronchial artery at the limg hilum. This vessel presents 
remarkable changes due to wall destruction with aneurysm formations, 
high-grade intimal proliferation and final central thrombosis with organi- 
zation and recanalization. Elastic tissue stain, x 200. 
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Fig. 5. (Case 5.) Para -esophageal artery, showing extensive destruction of the 
wall with aneurysm formation and complete organization. There is also 
stenosis of the lumen due to thrombosis with organization, and intimal 
proliferation. Elastic tissue stain, x 150. 

Fig. 6. (Cases.) Hepatic arters^n healed periarteritis nodosa. Note the almost 
complete destruction of the artery, with organized thrombosis of the lumen, 
and a very thick periarterial vascularized healed granulation tissue. The 
acute changes must have been very extensive, x 100. 

Fig. 7. (Case 5.) Liver in healed periarteritis nodosa. Note the large area of 
liver cell destruction, with beginning regeneration from some of the bile 
ducts. The branches of the hepatic artery show very marked changes, 
with total occlusion of many. The resulting infarction with organization 
produced deep scars with wrinkling of the liver capsule. The gross ap- 
pearance resembled that seen in hepar lobatum syphiliticum. Hematoxylin 
and eosin. x 75. 

Fig. 8. (Case 5.) Older infarcts of adrenal due to periarteritis nodosa. Only a 
small zone of cells at the periphery appears normal, x 150. 
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Plate 91 

Fig. 9. (Case i .) Acute periarteritis nodosa of the liver. This is the very early 
acute stage with hyaline necrosis and fibrinous exudation. There is some 
edema and cellular infiltration, x 200. 

Fig. 10. (Case i.) Acute periarteritis nodosa of the brain. This small arteriole 
reveals only a periarteriolar hemorrhage without any cellular infiltration. 
In other sections similar hemorrhages with wall changes were found. 
X 300. 

Fig. II. (Case i.) Acute periarteritis nodosa of the sciatic nerve. This small 
artery reveals a ver}^ early acute stage, with fibrinous exudation and slight 
cellular infiltration. The process is in the media and subintimal connective 
tissue. The lumen has become V-shaped as a result of the exudation with 
elevation of the endothelium. This finding explains the eccentric lumen so 
often found in the arteries of the healed case, x 200. 

Fig. 12. (Case i.) Acute periarteritis nodosa of the kidney. This section 
shows an aneurysm formation, with thrombosis and early organization. 
The acute inflammation has subsided. Hematoxylin and eosin. x 50. 
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®y rcbruary i4) 1928, the sni3.ll bloody tumor bsd sssumed Isrger propor- 
,tions. It was still freely movable, sharply outlined, and hard to the touch. 
There was no inguinal lymphadenopathy. A clinical diagnosis of hemangioma 
was made and the mass removed by Dr. C. F. Kivlin at the Troy Hospital. It 
was about 4 cm. in diameter, encapsulated, and contained many hemorrhagic 
areas as well as foci of pale, cellular appearing tissue. The pathological report 
was sympathicoblastoma, made by one of us (V. C. J.). 

In August 22, 1928, the child was again operated on by Dr. Kivlin, for a 
recurrence of the tumor at the same site in the thigh beneath the scar. Physical 
examination of the rest of the body was negative. 

Gross Description of the Recurrent Tumor: The specimen con- 
sisted of an ovoid mass, 8 by 3 by 3 cm., and a smaller one of about 
the size of a cherry. The larger growth lay subcutaneously but was 
visible externally as a red prominence. On cross-section, they were 
all hemorrhagic and spongy with very cellular, granular areas, 
grayish to opaque yellow in color (Fig. i). They appeared entirely 
encapsulated and showed no demonstrable relationship to any 
vessel or nerve. 

Microscopic Findings: One-half of the gross specimen was fixed 
in Zenker’s solution and the other in 10 per cent neutral formalin. 
Paraffin sections were stained with hematoxylin and eosin. Van' 
Gieson’s picric-acid fuchsin, Mallory’s phosphotungstic acid hema- 
toxylin, Foot and Menard’s silver stain and Laidlaw’s silver stain. 
Also, blocks were treated by Levaditi’s method for myelinated 
nerve fibers. 

All the sections are very cellular, with large and small hemorrhages 
scattered throughout. Thin strands of connective tissue group the 
tumor cells into variously sized alveoli. The tumor cells are round 
and about the size of small lymphocytes. They consist almost 
entirely of a hjrperchromatic nucleus with a very narrow rim of 
faintly staining cytoplasm, scarcely discernible in many of the 
cells. Intimately connected with these tumor cells are numerous 
fine fibriUae, which stain faintly blue with hematoxylin and eosin, 
yellowish brown with the Van Gieson stain, dull blue with Mallory’s 
phosphotungstic acid hematoxylin stain, and colorless with the dif- 
ferent silver stains (Fig. 2). In other words, these fibriUae do not 
give the characteristic tinctorial reactions for connective tissue or 
neuroglia. Intermixed with these smaUer tumor ceUs with dense 
hyperchromatic nuclei, are numerous slightly larger cells with a 
larger and less dense nucleus, surrounded by a larger amount of still 
faintly staining cytoplasm. These resemble the more differentiated 
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Introduction 

Since Wright^ in igio first drew the attention of the medical 
world to the sympathetic neuroblastomas and reclassified the so- 
called round-celled sarcomas of the suprarenal medulla reported 
previously, many more tumors of this tj^e have been recorded. At 
that time he stated that these growths could not be very rare as he 
himself observed five cases within one year. Boyd^ encountered 
his three cases within a few months of one another. The three cases 
of Kwartin and Twiss ® occurred within eighteen months. Yet in 
1915, in an analysis of 2000 cases of malignant neoplasms in the 
young, Warthin ^ made no mention of the neuroblastoma. Saphir’s 
case ® was the only one among 3950 autopsies. The records of the 
pathological laboratory of the Albany Hospital for the last tlurty 
years do not reveal a case of sympathicoblastoma. So far as we 
have been able to determine, a sympathicoblastoma of the skin of 
the thigh, primary or metastatic, has not yet been reported. For 
this reason the following case is of especial interest. We are in- 
debted to Dr. C. F. Kivlin of Troy, New York, and Dr. A. E. 
Houle of Cohoes, New York, for the use of the clinical records of the 
patient. 

Case Report 

Clinical History: B, H., white, male, 9 months old. A paternal aimt died of 
carcinoma of the rectum, a maternal grandmother of cancer, the organ affected 
not being known. 

His past history was quite uneventful. He was breast-fed. He slept, nursed, 
and digested his food well. The bowels were regular. He was normally developed 
for his age and ■well nourished, but the skin and mucous membranes were some- 
what pale. Examination of the chest and abdomen revealed nothing abnormal. 

On November 8, 1927, a small extravasation of blood appeared spontane- 
ously on the anterior aspect of the left thigh. This area was about tbe size of a 
cherry, freely movable, painless to the touch, and evidently caused no pain, as 
the infant seldom, if ever cried. 

^Received for publication February 21, 1930. 
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Two of Harbitz’s cases were in the sacral region. Alezais and 
Imbert found their tumor connected with the glandula coccygea. 
In the cases of Wright/ Anderson and Shennan/® and Nieden/® the 
growths were situated in the thoracic cavity. In Martins’ case/^ 
the tumor originated in the cervical sympathetic and extended down 
into the thoracic cavity, completely surrounding the superior vena 
cava and the vena azygos. Capaldi’s second case is very similar in 
that the sympathicoblastoma of the cervical sympathetic extended 
down into the thoracic cavity and also invaded the spinal canal from 
the medulla oblongata to the eighth dorsal vertebra. His first case 
is very unique in that there were three primary tumors — one in 
the left inferior cervical sympathetic ganglion, another in the right 
inferior cervical ganglion, and the third in the retro-adrenal sjon- 
pathetics. All three of these tumors invaded the spinal canal by 
direct extension. In Dunn’s case,^® the tumor was located over the 
right temple. Ritter reported two case of neuroblastoma of the 
jejunum. MacNaughton-Jones and Turnbull described a large 
ganglioneuroma (partly neuroblastomatous) of the mesentery. In 
Cushing and Wolbach’s case,^^ the tumor was situated in the mid- 
scapular, right paravertebral region. The cases of Anitschkow, 
Capaldi, and Cushing and Wolbach are interesting in that the 
growths penetrated into the extradural spaces of the spinal canal 
through the intervertebral foramina, producing hour-glass tumors. 
Symmers described a recurrent neuroblastoma of the scapular 
region although he mentions that, since the patient was lost sight 
of, its derivation from the adrenal capsule cannot be disclaimed. 
In the case here reported, the tumor was located in the skin of the 
thigh. 

In addition to its origin from the sympathogonia, a neuroblastoma 
can theoretically arise as part of a teratomatous or teratoid process 
and thus be located anjnvhere along or near the midline where toti- or 
multipotential cells are liable to become misplaced. In one of Har- 
bitz’ cases, the finding of embryonic cartilage among the tumor cells 
of a neuroblastoma in the sacral region indicates that such an oc- 
currence may have taken place there. In Suzuki’s case of a sym- 
pathetic adrenal tumor, fat cells of the signet ring type were also 
present. An overgrowth of the neuroblastoma cells or of any neo- 
plastic tissue can efface most or all of the other identifying structures 
of the teratoma. 
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sympathoblast in contrast to the previously described sympatho- 
gonia or hildnngszellen. As stained by Laidlaw’s method, the nuclei 
of these tumor cells are all silver-positive, which is in agreement 
with Laidlaw ^ who stated that ectodermic cells retain the silver 
stain. There is no rosette formation but in places a tendency to 
sheaf-like arrangement. No ganglion cells are present anywhere. 
Collagen and reticulum are found only in the connective tissue septa 
of the tumor and in the walls of blood vessels. 

The tumor cells have invaded the connective tissue capsule and 
infiltrated the surrounding fatty tissue. Even the dense fibrous 
layer just beneath the skin has become sparsely dotted with tumor 
cells. However, the various sections show that the neoplasm had 
been removed with a wide margin. 

Sections were submitted to Dr. S. B. Wolbach of the Harvard 
Medical School, who concurred in the diagnosis of sympathico- 
blastoma. 


Discussion 

When it is considered that the primitive nerve cells migrate from 
the neural crest to (Efferent parts of the developing embryo to form 
the future sympathetic system, any dysontogenetic factor may 
cause these primitive cells to become arrested anywhere in the body, 
later to develop into the various tumors derivative of the sympatho- 
gonia. The embryological development of the sympathogonia may 
be represented in the following schema (after Poll) : 


Sympathogonia 


Sympathoblast Phaeochromoblast 

!. 1 

Ganglion cell Phaeochromocyte 

As regards the right branch of the schema, Rabin has very recently 
made an excellent review of the benign phaeochromocytomas of 
the suprarenal medulla. 

Sympathetic neuroblastomas have been observed elsewhere in 
the body than in the suprarenal glands. Landau,® Anitschkow,® 
Boyd,® and Wollstein^® reported these growths as originating in 
the retroperitoneal sympathetics. Pick^^ and Lemeland and 
Durante^ observed a “sympathoma embryonale” of the uterus. 
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Hagenbach lend support to our belief that a primary origin of the 
sympathicoblastoma in the skin of the thigh is not improbable. Our 
patient at the present writing is a vigorous child, almost two years 
after the removal of the recurrent growth, apparently normal in 
every way. 

Summary 

A case of sjunpathicoblastoma, primary in the skin or subcuta- 
neum of the thigh of a nine-months-old infant, is here reported. 
There was a recurrence in the same location within six months. So 
far as we have been able to determine, this is the only instance of a 
sjonpathicoblastoma, occurring in such an unusual location. At the 
present writing, almost two years after the removal of the recurrent 
tumor, the child is vigorous, robust, and apparently normal in every 
respect. 
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That neuroblastomas of the sympathetic may sometimes occur 
in the adult is shown by the recent papers of Meltzer and of 
Blumensaat,^® who collected four cases in addition to one of his 
own. The above-mentioned cases of Symmers, Ritter, and Leme- 
land and Durante were in adults. However, in general, the ma- 
lignancy varies inversely with the age of the patient; that is, 
sympathicoblastomas are more common in the young and gang- 
lioneuromas more common in adults. According to Pick and Biel- 
schowsky,^'^ we have the immature neuroma (neuroblastoma) and 
the mature neuroma (ganglioneuroma) depending on the varying 
degree of differentiation of the embryonal neurocytes. 

Thus, microscopic findings have shown that all gradations and ad- 
mixtures exist from the highly malignant tumor consisting mostly 
of the S3nnpathetic bildungszellen t3rpe to the very bengin tumor con- 
sisting wholly of ganglion cells and nerve fibers with or without the 
sheath of Schwann cells. Wright,^ Harbitz,^® Dunn,^® Lehman,^® 
Wolbach and Morse, Saphir,® Matzdorff,®^ and others have de- 
scribed cases where the tumor cells were of the sympathoblast type, 
intermingled with the characteristically staining fibrillae with or 
without Kuester’s rosettes. In the cases of Anitschkow,® Monro and 
Dunn,®2 Dunn,^® Biilbring,®^ Wollstein,^® and others, neuroblastoma- 
tous and ganglioneuromatous areas were intermingled; or the two 
parts may be distinct but connected together as in the case of Mar- 
tius,^^ In the so-called malignant ganglioneuromas, it is the neuro- 
blastomatous portions that gives rise to metastases. All three ele- 
ments — neuroblastomatous, ganglioneuromatous and paraganglio- 
neuromatous — were represented in the tumors reported by Hed- 
inger,®^ Suzuki,®^ Wahl,^® and Glomset.®® There are already on record 
numerous examples of ganglioneuroma distributed throughout the 
body but very rarely intracerebrally. Some of the unusual cases 
are those of Elnauss and of Elredel and Beneke,®® where the sub- 
cutaneous nodules of ganglioneuroma totalled over 60 and 160 re- 
spectively. Hagenbach’s paper®® is of special interest in that the 
ganglioneuroma in his case occurred in the region of the knee joint. 
It is to be noted here that the sympathicoblastoma in our case was 
located under the skin of the anterior aspect of the thigh. Although 
a mahgnant sympathetic tumor has not yet been observed in this 
location, the more highly differentiated tumor nodules observed 
subcutaneously in the cases of Knauss, Kredel and Beneke, and 
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Fig. I. Photograph of a cross-section of the recurrent tumor of the skin of the 
thigh (after formalin fixation). The large dark area is due to marked con- 
gestion and hemorrhage. Necrotic foci in the lighter right quadrant. 
X 1.4- 

FlG. 2. Photomicrograph showing the admixture of tumor cells of the sym- 
pathogonia and sympathoblast types and the fine fibrillary intercellular 
substance. Phosphotungstic acid hematoxylin, x 778. 
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The web sheathing the individual nerve fiber is revealed only by 
silver and only by silver used in a particular way. It has been seen 
by few. Studnicka,^® Snessarew,^^ and Ranke note in passing that 
their respective silver techniques reveal “a network in the Schwann 
sheath and in the capsules of the ganglion cells.” However, Plenk,^® 
(1927, page 380), of the Histological Institute of Vienna, was really 
the first to describe and illustrate this delicate network which dips 
in at Ranvier’s nodes and forms a closely fitting sheath around each 
nerve fiber. In the summer of 1928, Herr Plenk had the kindness to 
show me his preparations and to look at mine. I believe that it is 
fair to say that we agreed that the technique described in this 
paper gives the clearer view of the web. Plenk’s work is a mine of 
information about argyrophil webs in all parts of the body and there 
is a full bibliography, from which the references in this paragraph 
were taken. 

Here and there, the longitudinal fibers give off branches to the 
web and, at points where the nerve fibers have been torn apart, 
delicate filaments may be seen to pass from one web to another; 
these observations were made first by Nageotte.® Wiiile we have 
dealt with them separately for the purpose of description, longi- 
tudinal fibers and web undoubtedly form a whole and are to be re- 
garded as the ultimate distribution of fibrous connective tissue 
around the individual nerve fiber. 

We have found the same construction of the endoneurium in man, 
and in all of the laboratory animals examined, cat, dog, rabbit, rat, 
monkey and guinea pig. 

The Dorsal Root Ganglion 

From the fibrous capsule of the ganglion, septa of fibrous con- 
nective tissue extend inward, forming sheaths around each nerve 
fiber and around each ganglion cell. All this is demonstrable easily 
by the usual collagen stains; but, at this point, silver takes up the 
tale and reveals around each ganglion cell a closely plaited web of 
argyrophil fibers, as shown in Fig. 2. Here and there on the web are 
coarse, parallel fibers, representing the longitudinal fibers of the 
endoneurium. 

In these argyrophil webs, there seems to be only one orifice, the 
point of exit of the axis cylinder. Fortunate sections show the 
argyrophil fibers woven neatly and smoothly around this orifice and 
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The point of departure of any study of the connective tissue 
sheaths of the peripheral nerve must still be the work of Ranvier .^’’^’® 
and of Key and Retzius.^*® Review of recent literature shows 
scarcely a line added to the descriptions given by these masters fifty 
years ago. The endoneurium is described by the one as strands of 
fibrous connective tissue, by the other as a sheath, lying in immediate 
contact with the individual nerve fiber. Obviously, the endoneurium 
consists of cells as well as fibers: we shall consider the fibers only. 

The fibers of the endoneurium are revealed best by the silver 
methods that have been devised for the study of coUagen; in the 
writer’s opinion, the best of them is his modification of Hortega’s 
technique described in a former number of the Journal. We shall 
proceed to apply this method to the endoneurial fibers of a cerebro- 
spinal nerve. 

The Distal Nerve 

As shown in Fig. i, the endoneurial fibers of a distal nerve are ar- 
ranged in two distinct patterns. There are longitudinal coUagen 
fibers, and there is a delicate web around each nerve fiber. 

The longitudinal fibers have been described by many authors. 
They constitute the Fihrillenscheide of Key and Retzius (1873,^ 
pa-ge 354; 1876,® page loi), and the intrafasdcular connective tissue 
of Ranvier (1875,^ page 764; 1889,^ page 585). Running between and 
over the nerve fibers, these longitudinal collagen fibers form a coarse 
network of meshes elongated in the direction of the nerve 
(Nageotte®’“) . 

The longitudinal fibers may be demonstrated fairly weU by any 
good collagen stain but, like all fibers of the connective tissue group, 
they are brought out more effectively by silver. Stained with silver, 
they were described and illustrated by Ramon y Cajal (1909,^° page 
264; 1913,^^ page 76; 1928,^2 page 63). 

* Received for publication April 7, 1930. 
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be said that the peripheral nerve never succeeds wholly in getting 
outside of the pia mater. In cross-sections of such trunks as the 
sciatic and the tibial, these layers of the pia around the nerve bundle 
are recognized readily; even in the finest branches, the outer layer 
of the pia, the perineurium, continues as Henle's sheath. 

The Pial Ring 

The root slants upward and inward between the two layers of the 
intima piae and enters the cord through a hole in the inner layer. 
The margin of this hole is reinforced by a heavy ring of fibers from 
the intima piae. At the entrance of the relatively large sensory 
roots, the pial ring is strengthened further by fibrous partitions, 
dividing it into several smaller rings. Here and there, a small 
bundle of nerve fibers leaves the main bundle of the root and enters 
the cord through a small aperture of its own. 

The pial ring merits our attention, for it explains the endoneurium. 
In favorable sections it can be seen plainly that the longitudinal 
fibers of the endoneurium spring from the pial ring. What appear to 
be holes in the inner layer of the intima piae are the points where 
its fibers stream out through the root around the individual nerve 
fibers to become the longitudinal fibers of the peripheral endoneu- 
rium. 

The Intramedullary Eiwoneurium 

As shown in Fig. 3, the endoneurium accompanies the nerve 
fibers of the root for a short distance into the cord; but there is a 
striking difference in its arrangement outside and inside of the pial 
ring. Outside, in the root, the strong “longitudinal” fibers run in 
all directions, binding the nerve fibers together into a bundle. In- 
side, where the nerve fibers are embedded in the substance of the 
cord, there seems to be no need of such collective support. Here the 
binding fibers are reduced to a few delicate filaments that can be 
traced from one nerve fiber to another. Inside of the cord, support 
is given rather to the individual nerve fiber by winding strong 
arg3rrophil fibers around and around it to form a tubular sheath, 
very like the tubular sheaths wound around the glomeruli in the 
ganglia. These winding argyrophil fibers can be traced to the pial 
ring. The pial ring, then, formed by the inner layer of the intima 
piae, supplies both kinds of fibers. Facing outward, the pial ring 



SILVER STAINING OF ENDONETJRIAL FIBERS 


437 


at this point the argyrophil web of the ganglion cell is continuous 
with the argyrophil web of the nerve fiber. 

Over the ganglion cell, the web is stronger and bolder than on the 
distal nerve. We shall see it become still denser and more intricate 
as we follow the root upward to and into the cord. 

Glomeruli 

Immediately on leaving the ganglion cell, the axis cylinder de- 
scribes a curious convolution known as the glomerulus. The ar- 
gyrophil web clings closely to the nerve fiber and accompanies it in 
all of its twistings and turnings. In the glomerulus, heavy ar- 
gyrophil fibers run around and around the nerve fiber, forming a 
tubular sheath which gives an impression of resistance and rigidity. 
The arrangement suggests the spiral wire reinforcement around a 
rubber garden hose. Counterstmning with azo carmin shows the 
winding axis cylinder inside of the argyrophil tube. 

I 

The Spinal Nerve Roots 

Fig. 3 shows a sensory root entering the cord. In the roots, both 
the longitudinal fibers and the web are heavier and more prominent 
than in the distal nerve. Here the plexus arrangement of the en- 
doneurium is particularly evident, heavy argyrophil fibers crossing 
the nerve bundle in aU directions. As in the distal nerve, at points 
where the nerve fibers have been torn apart, delicate web filaments 
are seen to pass from one nerve fiber to another, (Nageotte®). 

The Pia 

Silver brings out in striking contrast the two layers of the medul- 
lary pia described by Key and Retzius ® (1875, page 143). As the 
root joins the cord, it is seen clearly that endoneurium and perineu- 
rium are merely peripheral extensions of these two layers of the 
pia mater. The outer layer of the pia consists of concentric laminae 
of dense coUagen; it continues out over the root as the laminated 
perineurium. 

The inner layer, the intima piae of Key and Retzius, is a loosely 
woven network of collagen and reticuliim fibers that splits into two 
layers to surround the roots. The outer layer of this intima piae ex- 
tends out over the root just beneath the perineurium. In fact, it may 
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For Distal Nerves: 

1. Large nerves should be split into thin slices to ensure rapid 
penetration. Fix in Zenker from 3 to 5 hours, no longer. Wash in 
running water from 3 hours to overnight, as convenient. 

2. Embed in paraffin. 

3. Stick sections on the slide with Masson’s gelatin glue; harden 
the gelatin in hot formol fumes overnight {Am. J. Path., 1928, 4, 
206; ibid., 1929, 5, 245). 

4. After removal of the paraffin, wash in running water for 5 
minutes. 

5. Mordant with the Mallory bleach; 

{a) I per cent tincture of iodin, 3 minutes; rinse in tap water. 

(&) 5 per cent hypo, 3 minutes; rinse in tap water. 

(c) \ per cent potassium permanganate, 5 minutes; rinse in 
tap water. 

{d) 5 per cent oxalic add, 5 minutes; wash well in running 
water for 10 minutes. 

6. Distilled water; change 3 times within 5 or 10 minutes. 

7. Rfo-Hortega’s lithium silver augmented to 10 per cent at 55 

to 58° C. for 5 minutes. 

8. Quick rinse by pouring distilled water over both sides of the 
slide. 

9. Formol, i per cent in tap water, 3 minutes. 

10. Rinse with distilled water. 

11. Yellow gold chlorid, i to 500, at room temperature, 10 
minutes. 

12. Rinse with distilled water. 

13. Oxalic acid, 5 per cent, 10 minutes. 

14. Rinse with distilled water. 

15. Hypo, 5 per cent, 10 minutes; change as often as it becomes 
turbid. 

16. Wash well in running water to remove the hypo. 

Counterstain as desired and mount in balsam. The best counter- 
stains are the reds, such as erythrosin, i per cent, or azo carmin, 

I per cent. 

The silver solution and the gold solution may be used again and , 
again. Filter the silver solution before use. 
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gives off the longitudinal fibers of the peripheral endoneurium; fac- 
ing inward, it supplies tubular sheaths to the nerve fibers embedded 
in the cord. 

These argyrophil tubes are seen especially well in thick sections, 
20 to 25 microns. After penetrating the cord for a short distance, 
the bundle of tubes stops abruptly as if chopped off by a knife. The 
tip of each tube is conical, rounded off as neatly as if turned in a 
lathe. In many sections, a pale pink axis cylinder from the cord 
may be seen to enter each conical tip and run inside of the tube 
formed by the argyrophil web. Counterstaining with azo carmin 
brings out clearly the position of the axis cylinder inside of the 
argyrophil web. Motor and sensory roots present exactly the same 
structure. 

The Pial Funnels 

At the points where blood vessels from the pia enter the cord. 
Key and Retzius (1876,^ page 5 and Table I) describe funnel-shaped 
extensions of the intima piae {Piairichter) sunk into the cord, form- 
ing a loose sheath around the vessel. In silvered sections, these fun- 
nels are seen clearly outlined in black. As stated by these authors, 
here and there a root may enter the cord through such a pial fun- 
nel. Most of the roots penetrate the cord accompanied only by the 
argyrophil endoneurium and the membrane of Schwann. 

The Membrane of Schwaftn 

Ranvier (1875,^ page 1073; 1882,® page 1069; 1889,^ page 805) 
stated that the membrane of Schwann accompanies the root fibers 
for a short distance into the marginal glia of the cord and he gives 
an illustration that is strikingly like Fig. 3. According to Nageotte, 
this observation has been forgotten. Inside of the cord, the mem- 
brane of Schwann and the argyrophil endoneurial sheath have 
exactly the same distribution. 

Technique 

We shall give here only a resume of the technique as modified for 
the peripheral nerves, referring the reader to the paper in a former 
number of the Journal (1929) where the methods and the formulas 
were described in detail. 



442 


LAIDLAW 


The universal dependence on formol fixation may be the chief reason 
why these details were not described long ago. 

For distal nerves Zenker is the fixative of choice. For ganglia and 
roots, Zenker is one of the best fixatives but it is highly selective and 
somewhat erratic; it sensitizes the various components of the tissue 
in different degrees and demands some care in selecting the time in 
the fixative and the temperature and concentration of the silver 
bath. For ganglia and roots Zenker is a fixative for the expert; 
Bouin is the fixative for the routine worker, for with routine methods 
it gives uniform results. 

Summary 

The endoneurium consists of longitudinal fibers and a closely fit- 
ting argyrophil web. The distribution of the web is described to- 
gether with the silver technique necessary for its demonstration. 

This study was commenced and in great part completed in 1927 
in the Laboratory of Neurocytology of the Presbyterian Hospital of 
New York City, at the instance of the Director, Wilder Penfield. 
The writer takes this occasion to thank both Professor Penfield and 
Professor William V. Cone for cordial assistance of every kind. 
That modern master of the histology of the peripheral nerves, Pro- 
fessor Nageotte, of the College de France, has been good enough 
to review and confirm these observations. The writer remains 
ever indebted to him for sound criticism and advice. 
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For Ganglia: 

1. Fix in Bonin’s fluid from i to 3 days; pass directly to absolute 
alcohol. 

2. Embed in parafidn. 

Subsequent steps as for distal nerves except that, in Step 4> 
Bouin sections should be washed in running water for 20 minutes to 
remove the picric acid thoroughly; and, in Step 7, the temperature 
and concentration of the silver bath should be lower. Ten per cent 
lithium silver at room temperature for 10 minutes or 2 to 3 per cent 
silver at 40 or 45° C. for 5 minutes give cleaner lines and better de- 
tail than the higher temperatures that are necessary for distal 
nerves. ^ 

As noted in the former paper, after Bouin fixation this technique 
differentiates ectodermic from mesodermic cells. Correspondingly, 
while all mesodermic cells are invisible, the ectodermic ganglion 
cells are silver-positive. To obliterate the ganglion cells and secure 
a pure picture of the collagen framework, as in Fig. 2, we have found 
several methods effective. The most reliable of them is to repeat the 
Mallory bleach. After the first Mallory bleach, leave the sections 
overnight in distilled water, changing it several times. The next 
day, repeat the bleach and continue from Step 6 as usual. 

Ganglia fixed in Zenker not more than 3 hours and stained with 
silver at 40° C. or under, show good webs and colorless ganglion 
cells. 

For Spinal Nerve Roots: 

Fix in Bouin and treat as ganglia. The cord is likely to stain red 
or black, giving poor contrast with the black web on the roots. Here 
the double Mallory bleach is useless. A paler ground is secured by a 
quick rinse with weak ammonia water after the silver bath. The 
ammonia rinse should not be too long or too strong or the web on the 
root will be decolorized also. We add 5 drops of ammonia to 100 cc. 
of distilled water and pour it over the slide for exactly 5 seconds by 
the watch; then rinse quickly with distilled water and proceed from 
Step 8 as usual. If the ammonia is to be used, stain the sections at 
40 or 45 ° C. Sections stained at room temperature decolorize too 
easily. 

Zenker, Formal and Bouin Fixation: 

Formol fixation may be rejected at once. In fonnol-fixed sections, 
the web and the finer details of the endoneurium remain invisible. 
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Fig. I. Sciatic nerve of cat. Paraffin section. The author’s silver technique. 

The endoneurial fibers (longitudinal fibers and web). The axis cylinders, 
Schwaim cells and myelin sheaths (neurokeratin) are invisible. 

Fig. 2. Dorsal root ganglion of cat. Parafiin section. Author’s silver technique. 

A pure picture of the framework of the ganglion; all else invisible. In 
the upper part of the figure, the web forms fibrous capsules over several 
(invisible) ganglion cells; over many of the cells it has been cut away. 

Center of figure, portion of a glomerulus inside of a fibrous capsule; be- 
low this, an entire glomerulus and two fibrous capsules with tops cut off. 

Lower part of figure, the endoneurium of the root fibers, showing the 
longitudinal fibers and the web. 
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Plate 94 

Fig. 3. Cross-section of cord of cat; entrance of sensory root. Paraffin section. 
Author’s silver technique. 

Upper left, the endoneurium of the root with prominent longitudinal 
fibers and web. Center, the pial ring, forming two loops. The longitudinal 
fibers of the root are continuous with those of the pial ring. 

Within the pial ring, the intramedullary endoneurium, accompanying 
the nerve fiber for a short distance into the cord. Here the longitudinal 
fibers are few and inconspicuous. The intramedullary endoneurium is 
seen to consist chiefly of spiral or circular fibers given off by the pial ring: 
it ends abruptly in a conical tip from which the axis cylinder emerges. 
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3. ^ Wash rapidly in 60 per cent alcohol * The section should be 
carried through with a small angulated glass rod so as to allow all of 
it to be washed equally, without wasting time. If the section is 
wrinkled or folded, the alcohol will produce a patchy result. 

4. Reduce by passing sections directly into i per cent formalin. 

5. Wash in distilled water. 

6. Tone by placing sections in gold chloride toning bath f 10 or 
15 minutes until they become purple-gray in color. 

7. Fix in 5 per cent hyposulphite of soda for f minute or more 
until sections are flexible. 

8. Wash in water. 

9. Dehydrate in dishes of graded alcohol followed by clearing in 
carbol-xylol-creosote.J 

10. Mount on slide in Canada balsam. 

Best results as a rule are obtained by leaving tissues for 5 to 20 
hours in the fixative which, for the sake of brevity, is called F. U. P. 
I, or fupi. But the staining capacity may be revived in an overfixed 
subject by placing sections in 4 per cent urea overnight and then 
passing them directly into the silver bath for an hour or less. If the 
subject has been fixed by preliminary carotid injection, it is better 
to try for oligodendroglia within 2 hours or less after the block has 
been placed in fixative. 

To stain oligodendroglia in sections of the spinal cord, optic nerve 
and retina, place small fresh pieces in the above fixative to which 
has been added 4 gm. of chloral hydrate. Our best results were ob- 
tained by leaving fresh blocks of tissue from 2 to 4 days in this 
fixative. Cut sections and proceed as above. 

Creditable staining of oligodendrocytes has been obtained from 
old formol material in the following manner: Blocks were cut and 
placed in 15 per cent ammonia water for 24 hours. They were then 
washed in running tap water overnight and placed in the F. XJ. P. I. 
fixative for a week. Sections were then cut and left in 4 per cent urea 
overnight and stained as before. This applies to brain tissue. We 
have had no marked success with old formalin-fixed spinal cords. 

* Commercial alcohol (95 per cent) usually conteins some impurity. When diluted 
there appears a slight opalescence, “niis is prejudicial to the success of the staining. 
For rh?«! reason we have always used absolute alcohol in preparing the 60 per cent. 


t Toning bath: Gold chloride (yellow) ^ S™’ 

Distilled water 500 cc. 


X Carbolic acid 10 cc., creosote 10 cc., xylol 80 cc. 


A FURTHER MODIFICATION OF DEL RiO-HORTEGA’S 

METHOD OF STAINING OLIGODENDROGLIA * 

\ 

Wilder Peotield 

{From the Department of Neurosurgery, McGill University, Montreal, Canada) 


This modification has been worked out with untiring enthusiasm 
in our laboratory by the senior technician, Mr, Edward Dockrill. 
In recognition of this fact it is proposed that the method be called 
Dockrill’s Modification of the silver carbonate method for oligo- 
dendroglia. 

The method is particularly reliable for staining the oligoden- 
drocytes of the spinal cord, brain stem and cerebral white matter, 
where other methods are less often successful. It also stains the 
sheath of Schwann cells on the peripheral nerves selectively. 


Fixation 


Fresh tissue should be fixed in the following solution for 2 hours 
or up to I or 2 days. 


Fixative 
(F. U. P. I.) 


FormaUn (40 per cent commercial) 

Urea 

Potassium iodide 

^Water (doubly distilled) 


20 cc, 
4gm. 
6gm, 
80 cc. 


Cut sections at about 15 microns on the freezing microtome and 
place in distilled water. 


Staining Method f 

1. Wash in two dishes of distilled water, the first containing 10 
drops of ammonia. 

2. Stain in undiluted silver carbonate f from i minute to 
hours. 

* Received for publication April 28, 1930. 

t The numbers correspond with those in Text-Figure i. 

t The solution is del Rlo-Hortega’s undDuted ammoniacal silver carbonate made 
up carefully as follows; 

Solution of silver nitrate (Merck) 10 per cent 5 cc. 

Solution of sodium carbonate (pure) 5 per cent 20 cc. 

Ammonium hydroxide (sufficient to dissolve precipitate). 

The aimnonium hydroxide, as indicated above, should be added drop by drop until 
the preapitate is just dissolved, stirring the solution all the while. Finally, filter and 
place m a dark bottle, where it wiD keep for long periods. 
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Plate 95 

Fig. I. Rows of oligodendrocytes in the cerebral white matter of a dog; normal. 

Fig. 2. Higher magnification of oligodendrocytes from the white matter of the 
same animal. 
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Results 

More complete staining of the oligodendrocytes in the white mat- 
ter of the brain and spinal cord may be obtained by this modifica- 
tion of del Rfo-Hortega’s method (Figs, i and 2), although the re- 
sults in the gray matter are less delicate and satisfactory than by 
the original method of that author ^ or the modification for microglia 
and oligodendroglia by Penfield.^ 



Text-Figure i 

Order of staining procedure from left to right. Numbers correspond with the text. 


The recently described method of del Rfo-Hortega,^ which is a 
modification of Golgi’s chrome silver method, occasionally gives re- 
sults which for complete staining of the oligodendrocyte expansions 
are unequalled. But the results are so unequal and the staining so 
powdery as to make it so far of little use for routine work. 

The method described here has been found particularly useful by 
Dr. Cone in staining the ologodendroglia of the retina, nerve head 
and optic nerves. Microglia is also stained with varying success by 
this method. 
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sodium citrate (respectively 0.5 and 1 per cent), acidifying faintly 
with hydrochloric acid, barely bringing to the boiling point and 
neutralizing. This treatment does not injure tuberculin. As noted 
in the previous article, it is necessary to inject particulate matter 
for the success of this experiment, in order to localize the effects of 
the substance. Injecting clear, fluid tuberculin elicites only the 
general effects of this substance. Injection was made in exactly the 
same manner as in the first investigation. The effect of the injec- 
tions was determined by biopsy two to eight days later, and by the 
final picture at autopsy. 

All animals were subjected to the tuberculin skin test before the 
injections were made, and distinct differences were noted in the 
three groups of animals. All animals were infected with the human 
type of tubercle bacillus except in the case of three goats. Goats 
proved highly susceptible to bovine infection, the three animals in- 
jected succumbing in four to six weeks with widely disseminated 
tuberculosis, from a subcutaneous injection of 2 milligrams of 
bacilli (see protocols for Goats i, 2 and 3 below). 

All infected animals; were skin sensitive in some degree to tuber- 
culin. In the monkeys the zone of cutaneous reaction was wide in 
extent but extremely soft and pale. The red injection and the in- 
dication characteristic of the reaction in the guinea pig and man 
were absent. The goats gave strong reactions, with a redness and 
firm area of inflammatory edema surpassing that which we have seen 
in any other animal. The swine gave red zones of inflammatory in- 
duration of feeble intensity. 

The monkeys (Macacus rhesus) averaged about five pounds in 
weight, the goats thirty pounds, and the pigs forty (at the outset). 
The results of the experiment are summarized in the following 
protocols. 

Monkeys 

Monkey i. Tuberculous 

Feb. 25, ig28: o.i mg. of H 37 tubercle bacilh injected intraperi- 
toneally. 

April 15, 1928: Tuberculin test weakly positive. 

May 4, 1928: Eight kidney injected with approximately 10 mg. 
of coagulated tuberculin protein suspended in salt-citrate solution. 



RESULTS FOLLOWING INTRARENAL ARTERIAL TUBERCULIN 

INJECTIONS IN NORMAL AND TUBERCULOUS MONKEYS, 
GOATS AND SWINE* 

Esmond R. Long, M.D., Charles B. Huggins, M.D., and Arthur J. Vorwald 
{From the Departments of Pathology and Surgery, University of Chicago, Chicago, III.) 

In a previous investigation ^ it was shown that injection of the 
specific protein of tuberculin into the renal artery of tuberculous 
swine resulted in acute inflaimnation involving glomeruli and inter- 
stitial tissue. The fact that similar injection into normal swine 
failed to cause an inflammatory reaction, indicated that the effect 
in the tuberculous animal was a true tuberculin reaction. 

The experiments were not reported as suggesting a relationship 
between tuberculosis and spontaneous nephritis in man, but simply 
as an example of one possible effect, in a chronically infected and 
therefore hypersensitive animal, of the substance to which the 
animal is hypersensitive. The results seemed of possible significance 
for the general field of chronic infection and allergy. 

The dosage used to produce the effects recorded, however, while 
insufficient to produce effects in normal control animals, was never- 
theless much larger than any amount that could be liberated 
spontaneously from a focus of disease in any infected animal. It 
therefore seemed necessary before application could be made to 
spontaneous nephritis, to determine if much smaller amounts could 
produce lesions like those of naturally occurring disease. It seemed 
desirable, also, to determine if the condition noted for swine held 
for other animals. 

Accordingly a study was made of the effect of smaller amounts of 
tuberculin protein in monkeys and goats. A number of swine were 
again studied. The purified tuberculin protein of Florence Seibert, 
prepared by ultrafiltration,^ was used, and in amounts varying from 
S to 35 milligrams. The material for injection was secured in the 
form of a fine fiocculent suspension by diluting the pure solution of 
tuberculin protein with an anticoagulating solution of salt and 

* Aided by a grant from the Medical Research Committee of the National Tubercu- 
losis Association. 

Received for publication April 17, 1930. 
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J^^ly 17, Ig28: Monkey died. Autopsy; generalized abdominal 
lymph node tuberculosis. Right kidney: no changes of significance. 
Left kidney; normal. 


Monkey 4. Normal 

May 15, IQ28: Tuberculin test negative. 

May 25, 1928: Right kidney perfused with approximately 5 mg. 
of coagulated tuberculin protein suspended in salt-citrate solution. 

June 5, ig28: Biopsy of right kidney. No changes of significance 
found. After the biopsy this monkey was transferred to another ex- 
periment. A second operation was not performed, as we were inter- 
ested at the time only in the effect of tuberculin protein on the 
absolutely normal animal. 


Monkey 5. Normal 

May 15, ig28: Tuberculin test negative. 

June 4, jg28: Right kidney perfused with 5 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

Jime II, ig28: Biopsy of right kidney. No changes of significance 
found. After the biopsy this monkey also was transferred to another 
experiment, 

A number of determinations of blood chemistry were made on the 
monkeys of this series by Dr. Lucy Finner, but at no time were 
values outside of the normal range encountered. 


Goats 

Goats I and 2. Tuberculous 

July 23, ig28: 2 mg. of bovine type tubercle bacilli (B 1698) in- 
jected in left groin, and 2 mg. of human type bacilli (H 37) injected 
in right groin. In the succeeding weeks the l3rmph glands on the side 
of the bovine infection increased greatly in size, while those on the 
side iiifected with human bacilli increased only moderately. Neither 
of these goats lived long enough to be used for the experiment. Goat 
I died on Sept. 3, 1928, and Goat 2 on Sept, 7, 1928, each with very 
extensive pulmonary miliary tuberculosis. 
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May II, 1928: Biopsy of right kidney. Specimen showed no 
changes of any significance. 

June I, 1928: Left kidney similarly injected. 

June 4, 1928: Biopsy of left kidney. Specimen showed localized 
regions of degeneration from vascular injury, and a more diffuse 
involvement characterized by the presence of many dense hyaline 
casts. Many of these contained polymorphonuclear leucocytes. No 
other inflamm atory changes were seen. 

July 12, 1928: Monkey died. Autopsy: generalized abdominal 
lymphatic tuberculosis. Sections from the right kidney (injected 
May 4) showed no changes except a few small zones of lymphocytic 
infiltration. The left (injected June i) was similar, except that, in 
addition, a few healed infarcts were present. 

Monkey 2. Tuberculous 

Feb. 25, 1928: o.i mg. of H 37 injected intraperitoneally. 

April jy, 1928: Tuberculin test weakly positive. 

April 27, 1928: Right kidney injected with approximately 10 mg. 
of coagulated tuberculin protein suspended in salt-citrate solution. 

May 4, 1928: Biopsy of right kidney. The only changes from the 
normal were a slight proteinuria, and a few old scars infiltrated with 
lymphocytes, which presumably dated from an unknown, much 
older injury. 

May 21, 1928: Left kidney similarly injected. 

May 29, 1928: Biopsy of left kidney. Some cortical necrosis due 
to vascular injury was found, and casts were numerous throughout 
the section. Practically no inflammatory changes were seen. 

July 13, 1928: Monkey died. Autopsy: generalized abdominal 
and lymph node tuberculosis. In the right kidney no changes of 
significance were seen. The left Hdney was normal except for 
cortical regions of healed infarction. 

Monkey 5. Tuberculous 

Feb. 25, ig28: o.i mg. of H 37 injected intraperitoneally. 

April 15, 1928: Tuberculin test weakly positive. 

May 14, 1928: Right kidney perfused with approximately 5 mg. 
of coagulated tuberculin protein suspended in salt-citrate solution. 

May 23, 1928: Biopsy of right kidney. No changes of significance 
foxmd. 
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N ov. 26, igzS: Left kidney injected similarly. 

Nov. 28, ig28: Biopsy of left kidney. Specimen showed no 
changes except marked proteinuria. No appreciable tubular de- 
generation, no casts, no inflammatory changes. 

J an. g, ig2g: Tuberculin test much weaker than on October 25. 

J an. ig, ig2g: 4 mg. of H 37 injected in right groin. 

Mar. I, ig2g: Tuberculin test strongly positive. 

Mar. 13, ig2g: Right kidney exposed for second injection, but 
found completely atrophied (complete infarction from vascular 
injury). 

July 15, ig2g: 1 mg. of bovine tubercle bacilli injected in right 
axilla. 

Aug. 2g, ig2g: Left kidney exposed, biopsy specimen taken and 
10 mg. of tuberculin protein injected into renal artery. The biopsy 
specimen resembled that seen on Nov. 28, 1928. 

OcL II, ig2g: Goat killed. Right kidney could not be found. 
Left kidney showed little change grossly. Microscopically a number 
of regions of periglomerular lymphocytic infiltration were seen, and 
a few small fibrous scars. Fusion of tuft and capsule was seen in a 
few glomeruli. Casts were present in many of the tubules. The 
lymph nodes regional to the points of injection were the seat of a 
mild fibrocaseous tuberculosis. There was no disseminated tuber- 
culosis. 


Goat 5. Tuberculous 

Sept. 10, ig28: Tuberculin test negative. 

Sept. 20, ig28: 3 mg. of H 37 injected in left groin. 

Oct. 25, ig28: Tuberculin test strongly positive. 

Nov. 5, ig28: Left kidney injected with 10 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

Nov. 7, ig28: Biopsy of left kidney. Section revealed marked 
proteinuria, and no inflammatory changes. 

Dec. 3, ig28: Right kidney injected similarly, 

Dec. 5, ig28: Biopsy of right kidney. Section revealed a marked 
proteinuria and many dense hyaline casts in the tubules. Mitotic 
figures were numerous in the tubular epithelium, A few minute 
regions of periglomerular lymphocytic infiltration were seen, and 
minute collections of polymorphonuclear leucocytes were occasion- 
ally found in the glomerular capillaries. 
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Goat 3. Tuhercnlous 

July 23, ig28: 2 mg. each of bovine type tubercle bacilli (B 1698) 
and human type bacilli (H 37) injected into opposite groins. In the 
succeeding weeks the glands on the side of the bovine infection in- 
creased greatly in size, while those on the side infected with human 
type bacilli increased only moderately. 

Sept. I, ig28: Tuberculin test strongly positive. 

Sept. 10, ig28: Right kidney injected with a suspension of 10 mg. 
of coagulated tuberculin protein in salt-citrate solution. 

Sept. 12, ig28: Biopsy of right kidney. Marked degeneration of 
the tubular epithelium with some interstitial injSltration with poly- 
morphonuclear leucocytes was found. The glomeruli were un- 
changed except for the presence of a good many leucocytes. Many 
of the tubules contained hyaline casts. 

Sept. 17, ig28: The left kidney was similarly perfused with a 
suspension containing 20 mg. of coagulated tuberculin protein. 
Marked shivering developed in the animal during the injection. 

Sept, ig, ig28: Goat died. Autopsy revealed very extensive 
pulmonary miliary tuberculosis. Sections of the right kidney shoWed 
extensive interstitial lymphocytic infiltration, in place of the poly- 
morphonuclear leucocytic reaction seen in this kidney on September 
12. Much regeneration of the epithelium of this kidney was found. 
Many hyaline and leucocytic casts were present in the tubules. 
The glomeruli appeared unchanged. The left kidney showed changes 
similar to those seen in the right kidney September 12, except that 
the inflammatory features were less marked. Much degeneration of 
the tubular epithelium was seen. 


Goat 4. Tuber callous 

Sept. 10, ig28: Tuberculin test negative. 

Sept. 20, ig28: 3 mg. of H 37 injected in left groin. In succeeding 
weeks marked enlargement of the regional inguinal glands developed. 
I Oct. 25, ig28: Tuberculin test strongly positive. 

Oct. 31, ig28: Right kidney perfused with 10 mg. of coagulated 
tuberculin protein in salt-citrate solution. A mild general reaction 
with shivering occurred. 

N ov. 2, ig28: Biopsy of right kidney. Specimen showed vascular 
injury and anemic necrosis. No inflammatory changes were present. 
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Oci. 22, ig28: Right kidney similarly injected. 

Oct. 24, ip28: Biopsy of right kidney. Sections revealed no 
changes except proteinuria. 

Feb. 13, iQ2g: Right kidney again injected, with 30 mg. of coagu- 
lated protein. 

Feb. 15, ipap: Right kidney exposed for biopsy and found com- 
pletely infarcted. Renal artery thrombosed. Kidney removed. 

Oct. ig, ipap: Goat killed. Left kidney (injected Oct. 10, 1928) 
essentially normal. 

Goat 8. Normal 

Sept. 10, ig28: Tuberculin test negative. 

Oct. 17, ig28: Right kidney injected with 10 mg. of coagulated 
tuberculin protein. Injection attended with unusual amount of 
trauma. 

Oct. ig, ig28: Biopsy of right kidney. Sections for the most part 
quite normal. One infarcted region full of casts found; tubules in 
this region swollen and vacuolated; thrombosed artery not found in 
section. 

Nov. ig, ig28: Left kidney injected in similar manner. 

Nov. 21, ig28: Biopsy of left kidney. Section revealed no changes 
except proteinuria. 

Dec. 6, jg28: Goat died, with ascites and bilateral hydrothorax. 
Both kidneys were found completely infarcted from thrombosis of 
the renal arteries. 

Swine 

Pig I. Tuberculous 

May I, ig2g: Infected in groin with 2 mg. of human type 
tubercle bacilli. 

June 4, ig2g: Tuberculin test positive, moderate degree. 

Ju7te 10, ig2g: Right kidney injected with 10 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

June 12, ig2g: Biopsy of right kidney. Moderate changes were 
seen with hematoxylin and eosin stains. The tubular epithelium 
was swollen. Many hyaline and a few leucocytic casts were seen in 
the tubules. A few patches of interstitial lymphocytic infiltration 
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Dec. 10, ig28: Goat very sick. 

Dec. II, ig28: Goat died with generalized peritonitis. Sections 
showed both kidneys practically normal. 

Goat 6. Tuberculous 

Sept. 10, ig28: Tuberculin test negative. 

Sept. 20, ig28: 3 mg. of H 37 injected in left groin. 

Oct. 25, ig28: Tuberculin test strongly positive. 

Nov. 12, ig28: Right kidney injected with approximately 10 mg. 
of coagulated tuberculin protein suspended in salt-citrate solution. 

Nov. 14, ig28: Biopsy of right kidney. Large numbers of dense 
hyaline casts were found in the renal tubules. The tubular epithe- 
lium showed only mild degeneration. Focal periglomerular lympho- 
cytic infiltration was frequently found. There was no necrosis or 
vascular damage. There was some perirenal suppuration. 

Jan. g, ig2g: Tuberculin test weakly positive. 

Jan. 17, ig2g: Left kidney injected with 35 mg. of coagulated 
tuberculin protein. 

Jan. ig, ig2g: Biopsy of left kidney. Sections revealed prote- 
inuria, but no casts and no inflammatory changes. 4 mg. of H 37 
injected in right groin. 

Feb. 20, ig2g: Tuberculin test positive. 

Feb. 27, ig2g: Right kidney (first injected on Nov. 12, 1928) ex- 
posed and biopsy taken. 25 mg. of coagulated tuberculin protein 
injected. Biopsy section revealed no changes except a few minute 
spots of slight lymphocytic infiltration (Fig. i). 

Mar. I, igsg: Goat killed. In the right kidney (injected February 
27 and previously on November 12) an enormous number of hyaline 
and waxy casts were seen (Fig. 2). Very little degeneration of the 
tubular epithelium was apparent. No vascular damage or necrosis 
was seen, and inflammatory changes were absent. The left kidney 
(injected January 17) was practically normal. 

Goat 7. Normal 

Sept. 10, ig28: Tuberculin test negative. 

Oct. 10, ig28: Left kidney injected with 10 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

Oct. 12, ig28: Biopsy of left kidney. Sections revealed almost no 
changes. A very few casts were found. 
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Pig 3. Normal 

May 22, IQ28: Right kidney injected with 20 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

May 24, ig28: Biopsy of right kidney. Little change seen. One 
area of tubular necrosis from arterial obstruction was seen. No 
signs of inflammation were found. Sudan III stains showed no fatty 
degeneration. 

June 4, ip2p: Tuberculin test negative. 

June 5, ipap: Left kidney injected in similar manner to right on 
May 22. 

June 7, ipsp; Operation for biopsy of left kidney. Kidney was 
found completely infarcted and was removed. 

23, ig2g: Pig killed. Sections showed the right kidney to be 
practically normal. A few cortical scars from old infarction were 
seen, and an occasional fusion of glomerular tuft and capsule was 
noted. 


Pig 4. Normal at First. Later Tuberculous 

May 24, jg28: Right kidney injected with 20 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

May 27, ig28: Biopsy of right kidney. Sections showed almost 
no change. A very few leucocytic casts were found. 

June 4, ig28: Tuberculin test negative. 

June 7, ig28: Left kidney injected in similar manner to right on 
May 24. 

June g, ig28: Biopsy of left kidney. Extensive gross infarction 
found. Sections showed extensive thrombosis, infarction and a good 
many polymorphonuclear leucocytes in the infarcted areas. Sudan 
HI sections showed fatty degeneration limited to the infarcted 
areas. 

July 15, ig28: Pig injected in groin with 2 mg. of bovine type 
tubercle bacilli. Marked enlargement of the regional lymph nodes 
developed in the following weeks and then subsided. 

Aug. 24, ig28: Right kidney injected with 5 mg. of coagulated 
tuberculin protein in usual manner. 



INTEARENAL ARTERIAL TUBERCULIN INJECTIONS 457 

were seen. No glomerular changes could be found. Sudan III stains 
revealed profound fatty degeneration of the tubules. 

July II, iQ2p: Left kidney injected in similar manner to right on 
June lo. A gasping respiration developed and the pig died just as 
the injection was finished. Autopsy: fibrocaseous tuberculosis of 
the inguinal lymph nodes regional to the site of infection with tu- 
bercle bacilli. No other tuberculosis. The right kidney, injected 
June lo, appeared normal except for a few patches of interstitial 
lymphocytic infiltration and a slightly increased cellularity of the 
glomeruli. The left kidney, injected just before death, was normal. 


Pig 2. Tuberculous 

May I, ig2g: Infected in groin with 2 mg. of human tj^se 
tubercle bacilli. 

June 4, ig2g: Tuberculin test positive, moderate degree. 

June 12, ig2g: Right kidney injected with 10 mg. of coagulated 
tuberculin protein suspended in salt-citrate solution. 

June 14, ig2g: Biopsy of right kidney. Small regions of infarction 
from vascular occlusion were found. Outside of the infarcted regions 
a good many hyaline and a few leucocytic casts were found in the 
tubules. The glomeruli appeared normal. A few patches of intersti- 
tial lymphocytic infiltration were seen. There was some perirenal 
suppuration, presumably from infection at the time of operation. 
Sudan III stains revealed a profound fatty degeneration of the 
tubular epithelium. 

June ig, ig2g: Left kidney injected in similar manner to right 
on June 12. As in the case of Pig i the animal collapsed and died 
just as the injection was finished. Autopsy: fibrocaseous tubercu- 
losis of the inguinal Ijmph glands regional to the site of infection 
with tubercle bacilli. No other tuberculosis. The right kidney (Fig. 
3), injected June 12, was the seat of a marked interstitial nephritis, 
with intertubular edema, a profound interstitial Ijmphocytic in- 
filtration, and many casts formed from polymorphonuclear leuco- 
cytes in the tubules. Leucocytes were numerous in the glomeruli, 
which were otherwise normal for the most part, but occasionally 
showed a slight proliferative change. The left kidney, injected just 
before death, showed no change except some protein precipitate in 
the tubules. 
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Summary of Results in Swine 

Tuberculous swine proved only moderately skin sensitive to 
tuberculin. Injection of tuberculin protein into the renal artery in 
tuberculous swine, however, produced much more marked changes 
than occurred from similar, treatment of either monkeys or goats. 
The lesions produced vdth the dosage of tuberculin used (10 mg.) 
were not as severe as those previously reported in swine following 
similar injection of large quantities of tuberculin protein (30-100 
mg.). In particular the glomerular lesions noted in the former in- 
vestigation were not repeated. On the other hand quite similar 
interstitial changes occurred. As in the former study, recovery from 
the lesions produced, with restoration practically to normal, oc- 
curred in the course of a few weeks after the injury. In more detail 
the results in swine were as follows: Renal arterial injection of 
suspended coagulated tuberculin protein in two tuberculous swine 
caused profound fatty degenerative changes in the tubular epithe- 
lium with hyaline and leucoc3dic casts. In one of these there was 
marked and in the other moderate interstitial infiltration with cells 
of inflammation. A second renal arterial injection, in the opposite 
kidney, led to abrupt exitus on the operating table in each of these 
animals (compare with asthma and shock in tuberculous animals of 
first investigation following injection of tuberculin protein). Two 
normal control pigs, similarly injected, showed no changes except 
lesions obviously the result of vascular thrombosis or embolism, a 
type of acddent which occurred occasionally throughout the whole 
series of animals in this study. 

General Summary 

Distinct renal allergic responses were secured on the injection of 
tuberculin protein into the renal arteries of tuberculous monkeys, 
goats and swine. The allergic nature of the response was estab- 
lished by the fact that similar injection into normal controls did not 
cause injury (except such as occurred from vascular occlusion). In 
the monkeys the lesion produced was purely degenerative, in the 
goats chiefly degenerative but occasionally inflammatory, and in 
the swine degenerative and of a more inflammatory character than 
in the goats. The inflammation in the goats and swine took the 
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Oct. II, IQ 28 : Pig killed. Autopsy: fibrocaseous tuberculosis of 
IjTuph nodes regional to site of infection with tubercle bacilli. No 
disseminated tuberculosis. Right kidney smaller than left. Sections 
of each kidney revealed no significant microscopic changes. 

Summary of Results in Mofikeys 

Skin sensitiveness to tuberculin in the tuberculous mohkeys of 
this experiment, infected intraperitoneally with tuberculosis, was 
low. Likewise only mild injury of the kidneys of these tuberculous 
monkeys could be produced by injection of a suspension of tuber- 
culin protein containing particles of a sufficient size to obstruct 
glomerular capillaries. Aside from the occasional abrupt necrosis 
resulting from vascular thrombosis subsequent to injection of the 
artery, only mild degenerative changes with the production of a 
few casts, were seen in the tuberculous monkeys of this series, and 
inconstantly in these. In no case were the inflammatory changes 
characteristic of the tuberculin skin reaction in sensitive animals 
found. No changes were produced in normal animals. 

Summary of Results in Goats 

Goats infected subcutaneously with bovine type tubercle bacilli 
rapidly succumbed with extensive pulmonary miliary tuberculosis. 
One goat out of three so infected, which lived long enough for 
further experiment, proved strongly skin sensitive to tuberculin and 
developed a moderate acute interstitial nephritis, with pronounced 
tubular degenerative changes, on arterial injection of the kidneys 
with tuberculin protein. Three goats injected subcutaneously with 
human type tubercle bacilli gave strongly positive tuberculin skin 
tests five weeks later. Renal arterial injections of the kidneys of 
these animals resulted in slight tubular degenerative changes in one, 
acute degenerative changes on the second of two injections, with 
slight inflammation, in a second, and acute tubular degeneration with 
many hyaline and waxy casts in a third. A second injection of tuber- 
culin protein into the same kidney of the latter animal, three months 
later, led to the production of an enormous number of dense hyaline 
casts with no appreciable inflammation and little apparent tubular 
degeneration. Injection of tuberculin into normal control goats led 
to no changes, except those due to accidental vascular injury. 
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Fig. 1. Right kidney of tuberculous Goat 6 on Feb. 27, 1929. Essentially 
normal three and one-half months after renal tuberculin reaction (Nov. 12, 
1928). X 125. 

Fig. 2. Right kidney of tuberculous Goat 6 on Mar. i, 1929, two days after 
injection of tuberculin protein into right renal artery. (Fig. i shows the 
appearance of this kidney before the injection, as revealed by biopsy.) 
X 13s. 

Fig. 3. Right kidney of tuberculous Pig 2 seven days after injection of tuber- 
culin protein into right renal artery. Biopsy five days previously bad re- 
vealed a more acute reaction, x 240. 
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form of an interstitial nephritis. The glomerular changes observed 
in a former investigation in which larger dosage of tuberculin protein 
was used, were not produced. The intensity of renal tuberculin 
reaction did not parallel the intensity of cutaneous reaction in this 
series of animals. 
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Case Report 

Clinical History: A.D. (B. H., chronic cardiac valvular disease 
2518 2nd Div.), an Italian male, 23 years of age, entered the 
hospital by ambulance on October 10, 1929, in a stuporous, semi- 
moribund state of acute cardiac decompensation. 

Present Illness: No history was obtained from the patient. His 
brother stated that the patient had been ill for a long time with 
heart trouble and worked irregularly. The brother found the patient 
on the floor of his home and believed bim to be almost dead. 

Physical Examination: A young, fairly well developed, poorly 
nourished Italian male, extremely dyspneic and orthopneic with 
cyanosis of the lips and finger-tips, was l3dng propped up in bed. 
The respirations were shallow and rapid (24), temperature 100° F, 
and pulse 112. The patient was unable to talk and had a right facial 
weakness. There were petechial hemorrhages in the right conjunc- 
tiva and over the skin of the chest and arms. The mucous mem- 
branes were pale. The chest was thin-walled and the expansions 
were equal. The breath sounds over the anterior portions of the 
chest were harsh and loud with sibilant and sonorous rales predomi- 
nating. Posteriorly, the breath sounds were harsh, vesicular, with 
numerous moist rales at both bases. 

The apex beat of the heart was visible and palpable in the fifth 
and sixth intercostal spaces from the nipple to the anterior axillary 
lines. The heart was enlarged to the right as its border of dullness 
was 5.0, 5.0, 8.5 cm. to the right of the midsternal line in the second, 
third and fourth intercostal spaces respectively. The rhythm was 
totally irregular. The apex beat was 132, and the radial pulse X12 
per minute, a pulse deficit of 20. There was a marked systolic thrill 
at the apex. A short presystolic murmur followed by a prolonged 
blowing murmur, maximum at the apex, and replacing the first 
sound was heard over the precordia. The pulmonary second sound 
was greater than the aortic second sound. The pulses were equal, 
small and totally irregular. 

The liver edge was not felt. The right upper and lower extremities 
lay limply at the patient’s side completely paralyzed. Deep tendon 
reflexes were present on both sides. No Babinski. 

Laboratory Findings: The urine was yellow, acid, specific gravity 
1.018, with a slight trace of albumin, but no sugar. 



MARKED DILATATION OF THE LEFT AURICLE OF THE HEART * 

Report of a Case 
E. A. Bdrkhardt, Jr., M.D. 

{From the Pathological Laboratory of the Bellevue Hospital, New York, N. Y.) 

Marked dilatation of the left auricle of the heart is a relatively 
rare finding at the autopsy table. This is the report of a case coming 
to autopsy at the Bellevue Hospital. 

Review of Literature 

The original clinical and pathological descriptions of extreme left 
auricle dilatation were contributed by Owen and Fenton ^ in igoi. 
Their patient presented symptoms of right pleural effusion for 
which a thoracentesis was performed and pure blood obtained. At 
autopsy the left auricle was markedly dilated and contained 30 
ounces of blood, as compared with the normal content of 2 to 4 
ounces. Shaw^ reports a heart whose left auricle held 30 ounces. 
Emanuel® reports a heart whose left and right auricles held 40 
ounces and 20 ounces respectively. In East’s patient^ the left auricle 
held pints (23 ounces) of blood and the auricular wall was so 
thinned that no muscle could be detected. 

Schott ® describes the pathogenesis of left auricular dilatation and 
demonstrates by orthodiagrams the progressive enlargement of the 
auricle. 

Bordet * conducted X-ray studies in a large series of cases show- 
ing mitral stenosis and found the left auricle dilated to the right of 
the right auricle in 5 per cent of the cases. 

Bedford'^ states that early diagnosis of left auricular dilatation 
beyond the right auricle is possible only by X-ray, but that later 
suggestive signs and symptoms of its presence may appear. 

Bach and Xeith ® describe a patient with active rheumatic fever 
who came to autopsy and presented a dilated left auricle which 
widened the interbronchial angle and compressed the left bronchus. 

* Read before the New York Pathological Society, November 21, 1929. 

Received for publication December 10, 1929. 
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ments are: tricuspid valve 12.5, pulmonary valve 6.8, mitral valve 
4.0, aortic valve 6.2, left ventricle 1.2, and right ventricle 0.3 cm. 

The other organs are not remarkable. 

Anatomical Diagnoses: Stenosis of mitral and aortic valves 
hypertrophy and marked dilatation of left auricle, mural thrombus 
left auricle. 

Microscopic Examination 

Heart: The ventricular musculature is normal. The nuclei of the 
auricular musculature are large and the fibers are hypertrophied. 
The muscle fibers immediately below the endocardium are necrotic 
and have lost their nuclei. The auricular myocardium is infiltrated 
with lymphocytes. 

Lungs: Many pigment-containing endothelial leucocytes are 
present. 

Liver: Pigment present in the cells about the central veins. 

The other organs are not remarkable. 

Discussion 

The auricular dilatation, as described here, is associated with 
mitral stenosis of rheumatic origin. Many cases show more marked 
mitral stenosis with little or no auricular dilatation. Emanuel ® be- 
lieves that the auricular dilatation is due to auricular myocardial 
damage. To prove this point he describes a heart in St. Bartholo- 
mew’s Hospital Museum,® whose left auricle is markedly dilated yet 
the mitral valve admits three fingers. A heart in the University 
College HospitaU” is similar and the mitral valve is only slightly 
thickened. Bach and Keith® present a heart with marked left 
auricular dilatation whose mitral valve admits three fingers. This 
case, however, as most cases cited in literature, presents a pericar- 
ditis with the valvular lesions. This reaction is symbolic of a pan- 
carditis which includes the myocardium of the left auricle. In- 
creased intra-auricular pressure through an incompetent mitral 
valve plus a damaged myocardium will probably account for marked 
left auricular dilatation. 
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The blood non-protein nitrogen was 45, and the sugar 75 mg. per 
100 cc. 

The Wasserman was negative. Cytological studies of the blood 
were not conducted. 

Progress Notes: The patient became more cyanosed, temperature 
progressed to 103° F and he died thirty-two hours after entering 
the hospital. 

Clinical Diagnoses: Chronic cardiac valvular disease (rheumatic) 
with auricular fibrillation, embolism of the left internal capsule, and 
subacute bacterial endocarditis (?). 

Autopsy Report 

The autopsy was performed on October ii, 1929 (Accession Num- 
ber 14736). 

The body weighs 115 pounds and measures 175 cm. in length. 
The chest and arms contain numerous small petechial hemorrhages. 
There is no edema present. 

Pericardium: The sac is markedly distended and extends 8 cm. 
to the right and 7 cm. to the left of the midsternal line at the level 
of the diaphragm. The cavity contains 150 cc. of straw-colored 
fluid. The pericardial surfaces are smooth, glistening and contain 
no adhesions. 

Heart: Weight 540 gm. The left auricle is markedly dilated and 
its right border extends 8 cm. to the right of the midclavicular line 
in the region of the fourth rib. The lung tissue is compressed. The 
left border of the left auricle lies in the arch of the aorta. The left 
auricle has a capacity of 593 cc. of fluid (after fixation). The right 
auricle is slightly dilated. The auricular appendages are natural. 
Section through the left auricle shows an increase in thickness of 
the wall. The auricular endocardium contains a thin mural throm- 
bus covering most of the surface. The opened left auricle (circum- 
ference) measures 25 cm. laterally and 15 cm. (circumference) above 
the mitral valve. The ventricular myocardium is apparently not 
hypertrophied. 

The mitral valve is stenosed to a slit-like opening whose base is 
calcified and whose opening is 2.2 cm. in length and will not admit 
the smallest digit. The leaflets of the aortic valve are adherent, 
slightly thickened and the orifice is stenosed. The cardiac measure- 
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Dilated left auricle contains a thin mural thrombus. The mitral valve 
stenosed and calcified. 
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Three cases of the occipital type are described in the literature. 
(The report of a fourth case belonging to this group is not reliable.) 

Most of the reports of this congenital anomaly belong to the older 
literature, and quite frequently the descriptions are somewhat un- 
satisfactory. In general, however, a review of the literature gives us 
the following picture; craniopagus is a condition usually incompati- 
ble with life, although the first case is reported to have lived ten 
years. This is the exception, however. Most of the cases, even if 
bom at full term, are stillbirths and at most live only a short time, 
several hours or a few days. The malformation may be restricted to 
the skull and its contents, or may be accompanied by anomalies in 
other parts of the body. The examination of the central nervous 
system has in the past been restricted to the gross anatomy. Usually 
the brains are described as being separate. Histological studies 
have been omitted, the reasons probably being that, first, most of 
the cases have been reported in the older literature; second, in a 
number of the more recently described craniopagi, the brain is said 
to have been in a state of decomposition and not suitable for histo- 
logical examination. In the case which I wish to report the central 
nervous system of one of the children was quite well preserved, and 
detailed histological examination was possible. It is because of this, 
therefore, that the case is presented. 

The two children forming the craniopagus belonged to triplets 
which were bom at full term. The mother, a primipara, was phys- 
ically and mentally normal, and as far as is known there was noth- 
ing remarkable in the family history. The third member of the 
triplet was bom dead, and I had no opportunity to examine it. The 
craniopagus lived for five days and the postmortem was performed 
several hours after death. As is seen from the picture (Fig. i) they 
give the impression of full term infants. The hair and nails were 
well developed, and there were no malformations in any other part 
of the body. 

The right parietotemporal part of the skull of one of the infants 
was grown together with the right parietal region of the other, so 
that the two children faced opposite directions, one facing left, and 
somewhat upwards, the other looking to the right. We shall call the 
first one “A,” and the second one “B.” 



HISTOLOGICAL STUDIES ON THE BRAIN OF A CRANIOPAGUS * 


Konstantin Lowenberg 

{From the State Hospital, Foxboro, Mass., and the Department of Pathology, Yale Uni- 
versity School of Medicine, New Haven, Conn.) 

Introduction 

Craniopagus is one of the most infrequently occurring sym- 
metrical malformations. In the literature only twenty-two cases 
have so far been reported, the first one dating back to a report by 
Sebastian Munster ^ in 1495. 

Three types of craniopagus are generally recognized according to 
the part of the skull that is involved: first, the frontal; second, the 
occipital; third, the parietal regions. The first type occurs most in- 
frequently, and up until now only three cases have been reported 
(one each by Munster, ^ Baer^ and Warschauer).® The one reported 
by Munster is the most remarkable in that the children lived for 
ten years. They were six years of age when they first came under 
the observation of Munster in 1501. Baer’s report (1845) consists 
of a short description of a museum specimen with a statement that 
“ the brains communicated through an opening in the frontal bones.” 
Warschauer’s description was published in 1909. In his case the faces 
of the children were quite well developed up to the eyebrows. The 
left sides of both faces were somewhat smaller than the right. There 
was no further study of the brains, the reason being, as stated by 
him, that the tissues were “decomposed.” The general structure of 
the two brains, as far as could be seen, was asymmetrical, and there 
was no definite dural fold between the two. The falx cerebri seemed 
to be pushed over to the left, making the space containing the right 
cerebral hemisphere about twice as large as the left. The brains 
were “probably separate.” 

The munber of parietal craniopagi reported is fourteen. Twelve 
of these were collected by Ahlfeld ^ in his monograph in 1S82. Two 
cases were added recently (Kissinger ^ in 1908, and Kafka ® in 
1920). The case which I wish to present also belongs to this group, 
making a total of fiifteen. 

* Received for publication March 20, 1930. 
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calloso-marginal fissure, but no definite gyri can be traced. The 
left hemisphere is smaller than the right, but its structures are bet- 
ter defined. Here one can recognize the central sulcus, the Sylvian 
fissure and the inferior frontal sulcus. A number of smaller convolu- 
tions can also be seen, but are not identified. On the median surface 
the calcarine and callosal marginal fissures can be recognized; here 
too, there are a number of less well identified gyri. Although the 
general outline of the structures is very much like those found in the 
fetal brain, they differ somewhat from the full term infant, and are 
more like those present in a seven or eight months fetus. 

Cerehellmn: The cerebellum is asymmetrical, the left hemisphere 
being larger than the right (Fig. 2). It is only partially covered by 
the cerebrum and is in a developmental stage of the type found in a 
fetus of seven or eight months. The vermis and the two hemispheres 
can be clearly differentiated. 

A frontal section through the brain at a level midway between 
the tips of the frontal and occipital lobes shows the following: The 
cut surface of the section is white; the cortex and white matter can 
be differentiated with difficulty, whereas the basal ganglia are fairly 
well outlined and apparently of normal contour; the corpus callosum 
does not show anything remarkable; in the unusually narrow white 
matter, several small foci of softening can be seen. The left lateral 
ventricle is of comparatively normal size and shape. The right 
lateral ventricle, however, is greatly enlarged laterally although it 
has a small vertical diameter. Sections through the cerebelliun and 
medulla show the fourth ventricle to be asymmetrical, the left side 
being larger than the right; other abnormalities of significance are 
lacking. 

H1.STOLOGICAL Examination 

Left Hemisphere: Of the two hemispheres this is the better pre- 
served and the more highly differentiated. The cyto-architecture 
here differs in a great many respects from that of the new-born child. 
The predominant picture in the cortex is that of a six layer t3^e 
(see Fig. 3); the first layer is rather poorly supplied with cell ele- 
ments. The second is dense but narrow, and gradually passes into 
the third layer which becomes quite distinct from the second as it is 
definitely poorer in cells. The fourth (the inner granular layer) is 
quite well defined and coinpact, in contrast to the fifth which again 
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Skull of Child “A” 

The base of the skull is asymmetric. The left side is practically 
normal. The three fossae are well recognizable, although they are 
somewhat accentuated, corresponding to a similar enlargement of 
the brain. The frontal, parietal and occipital bones of this side are 
essentially normal. The right side of the skull presents a different 
condition. The anterior and middle fossae are confluent, forming 
one large depression in which the markedly deformed right hemi- 
sphere lies. The borders of the posterior fossa can not be followed. 
The right frontal bone is somewhat smaller than the left. AH that 
remains of the right temporal bone is a very narrow strip at the base 
of the skuU, and the parietal bone is entirely absent, leaving a large 
defect. The dura shows no malformations except for an opening in 
the parietal region corresponding to the defect of the skull. The 
cranial bones of Child ‘‘B” are normally developed with the excep- 
tion of the right parietal bone in which a large defect is present. 
The base of the skull is quite well developed. It is through this de- 
fect that the right hemisphere of Child “A” extends into the cranial 
cavity of Child “B.” The dural defect of “B” is similar to that of 
"A.” The two brains, therefore, are separate imits. The lepto- 
meninges of the two brains are also separate and show no defects. 

Of the two brains, that of Child “B” has been destroyed by the 
growth of the brain of Child “A” to such an extent that it is im- 
possible to study it. Only a small portion of the occipital lobe of the 
compressed brain could be histologically examined. The brain of 
Child “A,” however, is well preserved and presents the following 
features (see Fig, 2). 

Cerchnm: The right hemisphere is larger and the gyri fewer than 
the left. The gyri are flat and hardly recognizable, and most of the 
sulci are absent, thus making it very difficult to differentiate be- 
tween the various lobes. Even the Sylvian fissure can not be made 
out with certainty. It extends down into the base of the brain and 
can be followed there through the whole width of the cerebrum. 
Another deep fissure along the distorted frontal pole may represent 
the central sulcus. The temporal pole can not be clearly outlined. 
Excepting the above mentioned Sylvian fissure, no other identifica- 
tions can be seen at the base. The olfactory tract and bulbs are 
well developed. On the median surface one can only recognize the 
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to proliferation. Occasionally protoplasmic elements can be seen 
such cells containing some greenish pigment. It is interesting to 
note that no gitter cells are found anywhere, although as it was men- 
tioned above, there were occasionally small foci of softening in the 
white matter. The vascular system shows a mild proliferation. The 
endothelial cells are somewhat swollen and the course of the ves- 
sels shows a tendency to tortuosity. On frequent occasions one finds 
a fine black pigment deposit in the vessel walls. Unfortunately, no 
frozen sections could be successfully made, as the tissues were too 
soft even after a prolonged fixation in formalin. The section from 
the occipital lobe of the brain of Child “B ” was the only part that 
could be histologically examined, showing the same picture as the 
left hemisphere of Child “A.” 

Discussion 

In our attempt to determine the probable stage of development 
which has been reached by the central nervous system here de- 
scribed, we may be guided by the observations made in the cases of 
developing human beings. According to His,^ the cortex remains 
uniform showing no laminar structure until the fifth month of intra- 
uterine life. Then a gradual grouping of the neuroblasts into layers 
occurs. First, the fifth and sixth layers appear, and these are fol- 
lowed by the differentiation of the second, third and fourth. This 
process generally extends over the period from the sixth to eighth 
month, at the end of which time the six layer type is definitely recog- 
nizable. The different fields show some difference as to the time 
when this stage is reached. As this development goes on the agranu- 
lar type of structure appears. As we know, the agranular type is the 
product of a change in the six layer type where the inner granular 
layer disappears. As an example of this type we can take the anterior 
central region of the new-born child. The appearance of the agranu- 
lar type takes place after the formation of a six layer cortex, but does 
not appear at the same time in all fields. It is because of this fact 
that we can differentiate the different stages of development by the 
histological picture. In our case, for instance, in the left hemisphere 
we found that although pyramidal cells have appeared in the central 
convolution, they were as yet interspersed with a fourth granular 
layer; in other words, we were dealing there with a stage when the 
six layer type was gradually changing into an agranular type. This 
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has a rather sparse cell content. The sixth layer is not quite as 
definite, merging into the white matter, but nevertheless well recog- 
nizable. The agranular type of cortex is not quite as distinctly rep- 
resented but is nevertheless definitely recognizable. Here also six 
layers can be distinguished. The first has a poor cell content as 
contrasted with the richly cellular second layer. This latter is wide 
and most probably represents a fusion of the third, fourth, fifth and 
sixth layers. The cortex is very well demarcated from the white mat- 
ter. The line of demarcation between the granular and agranular 
types is also quite distinct. Outside of these two predominating 
types, some other fields can be more or less distinctly recognized. 
Thus, for instance, the anterior central cortical region can be identi- 
fied by the presence of the giant pyramidal cells. Then again, the 
calcarine area is characterized by the widening of the fourth layer. 
The point of highest differentiation, and a development which 
comes nearest to that of a new-born child is reached in the alio 
cortex where the uncus and the cornu ammonis are easily recognized 
and do not differ from that of the full term infant. 

Right Hemisphere: The architecture is very much disorganized 
by the intense distortion. The calcarine formation is entirely absent. 
It is practically impossible to differentiate the various fields, all of 
them being represented by a more or less uniform six layer cortex. 
The development of the alio cortex is much inhibited and even the 
usually well recognizable cornu ammonis can not be distinguished. 
The different convolutions are mostly only rudimentary, rather 
large, and flat (see Fig. 4). The different cortical layers are unevenly 
distributed showing at various places indentations into one another. 
Their cell content also is irregularly distributed. The whole picture 
is that of a distorted compressed brain tissue. 

Basal Ganglia: The pallidum has the most normally developed 
architecture. Its parenchyma varies little from that of a new-born 
child. The striatum, however, does not show as highly a differen- 
tiated development. It contains numerous cells. The large ganglion 
cells are well represented. The small ones, however, stiff bear a 
resemblance to neuroblasts. A similar resemblance to the neuro- 
blast type is found in the cells of the thalamus. The pons, cerebel- 
lum and cord show practically no difference from those found in the 
full term infant. The sections stained with Weigert’s method reveal 
no myelin sheaths. The neuroglia in general disclose no tendency 
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4- The general outlines of the brain are like those in a seven or 
eight months old fetus. 

5. Histologically both the granular and agranular six layer types 
of cortex are present. 

6. In the precentral region the fourth layer is still granular in 
structure, which corresponds to the development of the eighth 
month of intrauterine life. 
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DESCRIPTION OF PLATES 
Plate 98 

Fig. I. The heads of the two infants are united in such a way that the right 
parietotemporal region of the one on the right is grown together with the 
right parieto-occipital region of the one on the left. 

Fig. 2. Brain of the Child “A.” The right hemisphere is larger than the left. 
The convolutions show pronoimced malformations. The right occipital 
lobe is absent. The left hemisphere is better developed. The cerebellum is 
asymmetric, the right lobe being much smaller than the left; the cerebel- 
lum is not covered by the cerebrum. The spinal cord is normal. 
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would lead us to place the probable height of development of the 
brain at the eighth month of intra-uterine life. 

The developmental stage reached by the brain, as well as the 
development of the rest of the body would lead one to assume that 
the fusion of the two skulls was the result of a late malformation 
(this would agree with Schwalbe’s ® views on the subject). AU our 
observations point to the fact that we are dealing here with two 
distinct embryos, each one of which in itself has no tendency for 
developmental anomalies. The whole central nervous system seems 
to have started in a normal process of development, and has pro- 
gressed along this line until the rapid increase in size due to the 
formation of the convolutions which have come up against the 
obstacle of the limited space available. It was here that apparently 
a purely mechanical compression interfered with the normal rate 
and direction of development and brought about the type of struc- 
ture that we have described. We can see that the pressure phenom- 
ena begin to influence the development of the brain about the time 
of the convolutional formations because the gyri that are found here 
are simple, smooth and extraordinarily flat. The sulci are shallow 
and in places pushed out of their normal position. In some places, 
whole regions are either destroyed or compressed to such a degree 
that they can not be recognized. AU of this would speak for the ap- 
pearance of a marked scarcity in space at the time when develop- 
ment was at its highest. It is quite possible too that the fusion of 
the skuUs appears rather late, and that at an earlier stage the two 
were distinctly separate. This is rendered especiaUy probable be- 
cause of the fact that different parts of the skuUs have fused with 
one another, the right parietotemporal of one with both parietal 
bones of the other. This again has also been noted by Schwalbe. 
Just why the brain of the one child has been damaged so much 
more than the other can not be answered. 

Summary 

1. The case described belongs in the group of craniopagus parie- 
talis. 

2 . The malformation is confined to the skuU and brain. 

3- The brain of the child “A” is asymmetrical and shows pro- 
nouriced malformation of the gyri and sulci which makes the identi- 
fication of the latter difficult. Many sulci are absent. 



Plate gg 

Fig. 3. Shows clearly the six layer type of the fetal cortex. 

Fig. 4. Six layer type clearly visible. Sulci shallow and primitive. 
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and in addition a marked degree of focal necrosis was present in 
tlie liver. 

The heart weighed 290 gm. and measured 12.4 by 13.5 by 5.2 cm. 
The apex was quite sharp and was formed chiedy by the tip of the 
left ventricle. The epicardial fat was moderate in amount. The 
coronary arteries were not palpably thickened. The right heart con- 
tained a considerable amount of postmortem clot. The valvular 
orifices measured: tricuspid 13.3, pulmonary 6.8, aortic 6.5, mitral 
10.7 cm. The valve curtains throughout were thin, translucent and 
pliable. Two small fatty plaques were present in the free cusp of the 
mitral valve. The undefended space in the septum was anomalous 
in its appearance, there being a marked aneurysmal pouching ex- 
tending from the left ventricle to the right auricle. It arose 9 mm. 
below the common point of attachment of the right and left posterior 
aortic valve cusps to the aortic wall. It was roughly circular in 
contour, and measured 2 by 2 cm. in width and r.8 cm. in depth. 
Several fibrous trabeculae extended from the periphery of the pouch 
toward its central portions. These were of approximately the same 
thickness as the ring of fibrous material about the periphery, but 
they were considerably thicker than the central areas of the pouch, 
which were glistening, thin-walled and translucent. The aortic 
valve cusps were quite competent. The sinuses of Valsalva presented 
no abnormalities. On looking through the aortic ring into the heart, 
the aorta was seen to be directed toward the right ventricle. The 
muscular septum protruded into the aortic vestibule and the mem- 
branous septum was almost horizontal instead of vertical. The en- 
docardium of the left ventricle was smooth and glistening. The 
aneurysmal pouching extended in a rounded manner through the 
medial cusp of the tricuspid valve at its junction with the anterior 
cusp. The latter of these formed the left lateral boundary of the 
pouch, which measured 2.3 by 1.8 cm. Its surface was smooth and 
glistening. The tricuspid valve cusps were thin and pliable and no 
thickenings of their free margins were seen. The foramen ovale was 
patent in a slit-like manner along the anterior margin of the fossa 
ovah's. The wall of the left ventricle measured 1.7 cm. in tHckness, 
and that of the right ventricle measured 5 mm. The cut surface of 
the heart muscle was deep pinkish red in color. The surface was 
glistening in appearance and no whitish streaks were seen. The 
coronary arteries arose in normal position. They were thin-walled 
throughout, and presented no areas of atheroma. 
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Congenital anomalies of the heart are of not infrequent occurrence. 
Congenital aneurysms of the interventricular septum, however, are 
quite unusual, and when encountered are valued for anatomopatho- 
logical studies rather than for any practical importance from a 
clinical standpoint. They are usually discovered incidentally at 
autopsy. If they give rise to symptoms during life, these are of such 
complicated nature that the diagnosis is rarely made correctly. The 
following two cases are of interest in that they were seen within one 
month of each other at autopsy, and neither gave any clinical evi- 
dence of its presence. 

Case i 

Clinical History: G. H., a young man 24 years of age was admitted to the 
medical service of the Toronto General Hospital on March 12, 1928, complain- 
ing of pain in the left chest, with chills and fever for three days. Nothing further 
of importance for this report was elidted in the history. The physical findings 
were those of a severe pneumonia of the left lower lobe along with some cardiac 
enlargement. The patient became progressively worse until his death four days 
later. 


Postmortem Examination 

The postmortem examination revealed a confluent bronchopneu- 
monia in the lower lobe of the left lung with partial collapse of both 
right and left upper lobes. A marked fibrinous pleurisy was present 
on the surface of both lungs, and a moderate effusion was found in 
the pleural cavities. A Meckel’s diverticulum was seen about two 
feet proximal to the ileocecal valve; no other abnormalities were 
found in the abdominal cavity. The left kidney and the spleen were 
the site of numerous, small infarcts, while healed miliary tubercles 
were found in the spleen and liver. These organs presented the 
usual picture of cloudy swelling assodated with severe toxemias, 

* Received ior publication April ii, 1930. 
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attached to this rudimentary cusp. The aneurysmal sac was multi- 
locular in appearance. Its surface was irregularly thickened by 
fibrous trabeculae running inward from its periphery. As in the 
previous case, there were translucent areas in its central portion. It 
measured 2.5 by 1.8 cm. as seen from the right ventricle. The tri- 
cuspid valve was apparently competent. There was a small fibrous 
band running across the cavity of the right auricle. The foramen 
ovale was closed. The pulmonary valve consisted of two cusps only. 
These were large, and one of them presented a fibrous band joining 
its free margin to the wall of the pulmonary artery at a point r cm. 
from the insertion of the base of the cusp into the wall of this vessel. 
This formed a rudimentary third cusp which measured i cm. in 
width. A small ridge was found in the base of the sinus immediately 
below this fibrous band. The width of the larger curtain was 4.5 
cm., and the smaller curtain was 2.4 cm. The free margins of these 
curtains were slightly thickened and somewhat roughened. The 
aortic valve cusps were much larger than usual and presented 
numerous fenestrations. The right curtain measured 3.5 cm., the 
left 2.5 cm., and the posterior 2.9 cm. in width. The right and pos- 
terior cusps were fused in an irregular manner, but no thickening was 
present at their point of fusion. In looking through the aortic ring 
into the heart, the aorta was seen to be directed toward the right 
ventricle. The muscular septum projected into the aortic vestibule 
and the membranous septum was horizontal in direction instead of 
vertical, its floor being formed in part by the floor of the aneurysm. 
The mouth of the aneurysmal sac opened at a point 2.5 cm. below 
the common point of attachment of the posterior and right valve 
cusps. It measured 2.8 by 1.6 cm. in width, 3.8 cm. in depth and 
was somewhat oval in shape. It presented a multiloculated appear- 
ance, with small pouches extending outward from the largest one, 
which occupied the greater portion of the imdefended space of the 
interventricular septum and projected into the right ventricle be- 
neath the medial cusp of the tricuspid valve. Its surface was a 
glistening white color, and there was no evidence of a previous in- 
flammatory process. The sinuses of Valsalva were very large, but 
normal in general contour, except that the base of the right swxs 
was formed by myocardial tissue. This sinus extended below the 
point of origin of the wall of the aorta for a distance of 5 rnm. The 
mitral valve curtains showed a slight degree of diffuse thickening of 
their free margins, and the septal cusp presented a pouch measuring 
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Case 2 

Clinical Eisiory: J. R., a man, aged 60 years was admitted to the surgical 
service of the Toronto General Hospital on March i, 1928, complaining of 
ficult micturition and almost complete retention of urine. History and physical 
examination beyond the genito-urinary tract were negative. One month later, 
following the resection of a vesical diverticulum, the patient developed peritoni- 
tis and died. 

Postmortem Examination 

At autopsy a foul-smelling peritoneal exudate was found which 
had its source in the urinary bladder. In addition to congenital 
cardiac anomalies, the examination revealed a congenital absence of 
the gall bladder and cystic duct, together with abnormal lobation 
of the right lung, the presence of accessory spleens and supernu- 
merary renal arteries. No noteworthy pathological changes were 
found elsewhere. 

The heart weighed 365 gm. and measured 15.2 by 12.5 by 5.2 cm. 
The right heart was somewhat dilated, but the left ventricle was 
contracted. The heart presented two apices and the right border 
was sharply concave. The main apex was sharp and was formed by 
the tip of the left ventricle. The apex of the right ventricle stood out 
at right angles from the septum and formed a firm mass near the 
line of the interventricular groove. The epicardial fat was moderate 
in amount. There was a small, white, localized thickening of the 
pericardium of the left ventricle. The base of the right ventricle 
felt quite thick and projected outward from the septum for a dis- 
tance of 12 cm. on the posterior surface, and 9.8 cm. on the anterior 
surface. The pulmonary arteries were very large, measuring 9.2 
cm. in circumference. The superior vena cava was quite small, 
harely admitting an index finger. The cavities of the heart contained 
small quantities of postmortem dot. The valvular orifices measured: 
tricuspid 12.5, pulmonary 7.3, aortic 8.2, mitral 10.2 cm. The 
tricuspid valve curtains presented a slight amount of diffuse thicken- 
ing of their free margins. The medial cusp of this valve was quite 
thin. A sacculated aneurysm occupying the region of the unde- 
fended space of the interventricular septum projected into the right 
ventride for a distance of 2 cm. at the common point of attachment 
of the medial and anterior cusps. The valve curtain over the an- 
euiysm was slightly thickened and a small projection was present, 
which simulated a fourth valve cusp. No chordae tendineae were 



482 


CANNELL 


the right ventride, through the undefended space which later be- 
came perforated. 

The case reported by Guccione was somewhat aVin to Case 1, 
but possessed certain features which necessarily place it in a separate 
class. A distinct funnel-shaped protuberance of the wall emerged 
immediately above the septal cusp of the tricuspid valve. The 
sharpened apex of the aneurysm was directed downward toward 
the ventricle and was partially covered by recent thrombi. On re- 
moving these, the remaining portion of the aneurysm presented a 
transverse opening, which could be penetrated by a probe. The 
protuberance was covered by thickened endocardium and was pasty 
in consistency. The aortic valves were markedly distorted by recent 
vegetations and old scars. Between the thrombi on the posterior 
cusp and the base of implantation of the anterior cusp of the mitral 
valve, a fissure was observed in the interventricular septum. On 
removing the clots filling this rupture, a funnel-shaped diverticulum 
was seen, which was also filled with thrombi. This corresponded 
with the swelling in the right antrium, immediately above the septal 
cusp of the tricuspid valve. 

The etiology of these aneurysms is a matter of some disagree- 
ment. Guccione believes that the primary production of the aneu- 
rysm is due to endocarditis. This, he states, is usually an extension 
of the process from the mitral or aortic valve cusps, which is facili- 
tated by their proximity to the membranous septum. Following 
erosion of the endocardium over the pars membranacea, the blood 
tends to infiltrate into the lower stratum of the septum, because the 
pressure is higher in the left ventricle than in the other cavities of 
the heart. Thus, Guccione concludes, they must be considered as 
“true dissecting aneurysms, not only because they are as a rule 
acute, but also on accoimt of their evolution.” Histological ex- 
amination in his case further adds to the strength of his views. He 
considered that the aneurysm was due to recurrent chronic aortic 
endocarditis, with a terminal acute attack which resulted in ulcera- 
tion of the sac and the subsequent death of the patient. 

Mall and Goehring, on the other hand, consider that these aneu- 
rysms are the result of congenital malformations. The latter points 
out that it is difficult to understand how an aneurysm can penetrate 
the dense fibrous ring of the atrioventricular orifice, and burrow into 
the delicate fibrous tissue of the cusp of a fully developed heart. 
He suggests that they occm some time after the completion of the 
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1-5 by 1.3 cm. in diameter, which projected for a distance of 1.2 cm. 
into the left auricle. The coronary arteries arose slightly above the 
level of the aortic ring. Their mouths were large and funnel-shaped. 
They did not lie over the centers of the sinuses from which they 
arose, but were situated at the adjacent margins of the respective 
sinuses. These vessels were thin-walled throughout, presenting only 
one or two small, yellowish plaques beneath their intima. The wall 
of the left ventricle measured 1.8 cm. in thickness, and that of the 
right ventricle measured from 3 to 8 mm. The cut surface of the 
heart muscle was deep pinkish-red in color, showing numerous red 
stipplings. A localized area of fibrosis, measuring 2,2 by 1.5 cm. in 
diameter, was found on the lateral surface of the left ventricle near 
the tip. The wall of the ventricle at this point presented a small 
area of bulging, measuring 5 mm. in diameter. The large size of the 
aneurysm in this case, in the absence of any evidence of valvular 
incompetence, was remarkable. 

Discussion 

Other cases of aneurysm of the interventricular septum have 
been reported by Mall,^ McCallum,^ Merkel,® Tate,^ Guccione ® and 
Goehring.® 

Those of Mall and Merkel were similar in appearance and localiza- 
tion to our first case. In that of the former a cystiform aneurysm 
was present at the junction of the aorta with the left ventricle. It 
involved the membranous septum, burrowed into the anterior part 
of the medial cusp of the tricuspid valve, and projected into the 
right antrixun. Merkel’s case presented an aneurysm from the left 
ventricle into the medial cusp of the tricuspid valve, as well as a 
partially patent interventricular septum. On the other hand, those 
of McCallum and Tate more nearly simulated the findings of our 
second case. In that of the former the pars membranacea septi 
bulged into the right ventricle, forming a sacculated projection be- 
neath the tricuspid valve. The mouth of this sac was seen just be- 
low the aortic valves. In that of the latter a trumpet-shaped tube of 
membrane was found projecting into the right ventricle, at the junc- 
tion of the attached margin of the septal and infundibular segments 
of the tricuspid valve. On passing a probe along this hollow mem- 
branous tube, it was seen to communicate by a rounded opening 
with the lower part of the right cusp of the aortic valve. It ap- 
peared to have commenced as a left-sided saccular projection into 
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Guccione may have resulted from the superimposing of an endocar- 
itis upon a congenital anomaly. Such anomalies are notorious asd 
loci for infection. 

Xhe presence of associated anomalies in the heart and other organs 
in the second case is of great interest, and adds additional weight to 
the theory of the congenital nature of these aneurysms. 


Summary 

1. The clinical and pathological findings in two cases with con- 
genital aneurysm of the interventricular septum are here reported. 

2. The absence of clinical signs and symptoms in both cases, 
wherein marked distortion of the normal anatomy was present, is 
remarkable. 

3. A critical study of our cases adds further evidence in favor 
of these anomalies being congenital malformations, rather than the 
terminal results of endocarditis. 
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DESCRIPTION OF PLATES 
Plate ioo 

Fig. I. Left side of heart (Case i). (A) Aneurysm. (B) Anterior aortic valve 
cusp. (C) Right posterior aortic valve cusp. (D) Left posterior aortic 
valve cusp. 

Fig. 2. Right side of heart (Case i). (A) Aneurysm bulging through medial 
cusp of tricuspid valve. 

Fig. 3. Left side of heart (Case 2). (A) Coronary orifices. (B) Aneurysm. 
(C) Anterior cusp of mitral valve. 

Fig. 4. Right side of heart (Case 2). (A) Medial cusp of tricuspid valve. (B) 
Aneurysm. (C) Rudimentary fourth valve cusp. (D) Anterior cusp of 
tricuspid valve. (E) Inferior cusp of tricuspid valve. 

Fig. 5. Right side of heart viewed from below tricuspid valve (Case 2). (A) 
Aneurysm. (B) Pulmonary artery. 
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septum, but before the Replacement of the musculature of the cusp 
by fibrous tissue. 

Mall suggests that these aneurysms result from a failure of the 
inferior or fleshy portion of the interventricular septum to shift suf- 
ficiently far to the right. The aorta during the course of develop- 
ment of the heart, shifts from the right ade of the heart to the left. 
According to Mall, after gaining its permanent position, the inferior 
septum blends with its right side, forms the membranous septum, 
and completes the wall between the left and right ventricles. This 
is in accordance with the views of Tandler ^ and Jordan,® who state 
that the membranous portion of the septum results from the fusion 
of the dorsal endocardial cushion dividing the atrioventricular canal, 
the proximal end of the aortic septum and the cephalic margin of 
the muscular interventricular septum. Mall points out that in the 
cases described by McCallum, Zahn, and Rokitansky, the muscular 
septum protruded into the vestibule of the aorta. This is also true 
of our cases. The aorta in the second case would seem to be com- 
municating with the right ventricle rather than the left ventricle; 
this is also seen in the first case, but to a lesser degree. We may, 
therefore, conclude that in our cases, as in those of Mall and others, 
the aneurysm resulted from an embryonic arrest of development in 
which the inferior or muscular septum did not move sufficiently far 
to the right, but remained in the vestibule of the aorta. As a result 
of this misplacement the membranous septum developed in a 
horizontal plane instead of in its normal perpendicular one. This 
alone weakens it in every way, and with or without a possible de- 
fective texture could result in the production of an aneurysm. Nor- 
mally the membranous septum lies below the tricuspid valve, but a 
slight distortion may displace the origin of the medial cusp On the 
membranous septmn and result in the invasion of the valve, such as 
occurred in Case i, whereas in Case 2 the aneurysm projected be- 
neath the medial cusp of the tricuspid valve in the position where it 
would be expected. 

The absence of any evidence of endocarditis in our cases, for one 
would hesitate to pronounce the thickenings of the mitral and tri- 
cuspid valve cusps in the second case as sequelae of a previous endo- 
carditis, together with the failure to elicit any history of cardiac 
involvement, further strengthens the view that they are the result 
of congenital malformations, rather than the terminal results of 
endocarditis. Indeed, it seems possible that the acute case of 
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low serum protein and a high albumin-globulin ratio. The non- 
protein nitrogen averaged 57 mg. per 100 cc. of blood. 

The present paper deals with a detailed histological study of the 
lesions produced in the kidneys of rabbits by the administration of 
massive doses of irradiated ergosterol. The effect of these lesions 
upon kidney function, as demonstrated by the retention of nitrog- 
enous products in the blood, was also studied. 

Material and Methods 

Sixteen young rabbits, averaging about 2300 gm. in weight, were 
used. A preparation of 'Trradiated Ergosterol, loob D ” * having 
one thousand times the antirachitic potency of cod liver oil was ad- 
ministered by stomach tube, in doses of from 3 cc. to 10 cc. at inter- 
vals of from one to four days, except for one experiment (No. 40, 
Table I), in which the average interval was five days. Three pairs 
of animals were killed on the fourth, sixth and eighth days re- 
spectively, in order to determine the early changes in the kidneys. 
The remaining ten were allowed to die from the effects of the ir- 
radiated ergosterol. A series of eight control animals received the 
non-active solvent oil used in the preparation of irradiated er- 
gosterol employed, in similar doses. 

From the control animals and the ten animals which received 
fatal doses of irradiated ergosterol, blood samples were taken at in- 
tervals and the non-protein nitrogen, urea nitrogen, creatinine and 
uric acid determined by the methods of Folin ef Hemoglobin 
was estimated by the Tallqvist method. The urine was tested for 
albumin, on the days when blood samples were taken, by the use of 
nitric acid. 

Sections from the organs were fixed in an alcohol-formalin mix- 
ture (9 parts of 95 per cent alcohol to i part of 40 per cent formalin), 
in 10 per cent formalin, 95 per cent alcohol, Helley’s fluid and. in 
Zenker’s fluid. A portion of the tissues fixed in formalin was em- 
bedded in celloidin and stained either with hematoxylin and eosin 
or by the silver method of von Kossa. Another portion of the for- 
malin-fixed tissues was embedded in paraffin and stained with hem- 
atoxvlin and eosin. In order to demonstrate fat, frozen sections of 
formalin-fixed material were stained with Sudan IV. Other sections 

* This preparation was supplied through the courtesy of Mead, Johnson & Co. 
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Introduction 

Since the work of Hess/ Steenbock/ Hess and Windaus/ and 
others, showing that by the administration of irradiated ergosterol 
in extremely small doses it is possible to prevent or cure rickets, 
there has been much interest in the effect of this substance upon aU 
conditions concerned with the metabolism of calcium. In addition, 
a number of investigators have studied the effects of very large doses 
of irradiated ergosterol upon experimental animals. The work of 
Pfannenstiel,'* Kieitmair and Moll,® Klein,® Rabl,’’^ and of Smith and 
Elvove ® is especially noteworthy. They have shown that the admin- 
istration of massive doses of irradiated ergosterol to rabbits and 
other susceptible animals leads to rapid loss of weight, cachexia and 
death. There is also a marked increase in blood calcium, and at 
autopsy extensive calcium deposits are found in the arterial walls, 
especially the aorta, in the heart muscle, stomach waU, lungs and 
kidneys. 

The kidney lesions reported by previous investigators were chiefly 
in the parenchyma rather than in the blood vessels. Kreitmair and 
Hintzelmann ® found, in rabbits, calcification in the membrana pro- 
pria, around the convoluted tubules, also in the glomeruli, and some- 
times in the vessels leading to them, with calcium deposits within the 
lumina of some of the straight tubules. Rabl described calcification 
of the basal membranes and epithelium of the tubules of the cortex 
in mice, with calcification of the vessel walls “in places.” Smith and 
Elvove likewise found calcification and calcium casts in the tubules 
and in addition spoke of an “interstitial and glomerular nephritis.” 
No caldum deposits were seen by them in the kidney vessels. 

There is general agreement that the blood calcium rises markedly 
as a result of large doses of irradiated ergosterol. Klein noted also a 

* Received for publication April i, 1930. 
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living for a shorter period despite the fact that comparable doses of 
irradiated ergosterol were administered. This suggests that the 
time element is a very important factor in the production of the 
lesions. Regardless of whether or not gross changes were present, 
the capsule of each kidney was thin, stripped with ease and left a 
smooth glistening surface. Innumerable small, but easily visible, 
grayish brown areas (calcium) were studded throughout the cortex 
of the advanced cases. In the same cases a grayish brown con- 
centric ring (calcium) approximately o.i cm. in thickness lay in the 
medulla, parallel to the curve of the cortex and 0.2 cm, medial to its 
inner margin. The cortex in all cases was of essentially normal 
thickness, and was well demarcated from the medulla. 

Some sclerosis was observed in the renal arteries of the an imal? 
showing gross deposits of calcium in the cortex and medulla. On the 
other hand, the animals that died the most rapidly from ergosterol 
poisoning, but without gross changes in the cortex or medulla, 
showed little or no changes in the renal arteries. Rarely, slight 
thickening of the walls of the arteries was detectable when it was 
difficult to determine grossly if calcium deposition had occurred in 
the kidney. 

The kidneys from the control animals, and from the animals re- 
ceiving irradiated ergosterol for less than nine days, appeared nor- 
mal in every respect. 

Microscopic Description of the Ejdneys 

I, Arteries: The glomerular arterioles and the interlobular 
arteries (middle-sized and small arteries) in aU the rabbits dying 
from irradiated ergosterol were sclerosed. The larger branches of 
the renal arteries usually appeared normal. The changes were focal 
in distribution and were almost entirely limited to the cortex and to 
the adjacent portion of the medulla. Hyalinization and calcification 
were the most characteristic changes in the walls of the affected ves- 
sels. The histological picture of the larger interlobular arteries was 
somewhat different from that of the glomerular arterioles. In the 
interlobular arteries the media was chiefly involved, whereas in the 
glomerular arterioles the media was principally involved, but often 
the other layers were hyalinized and fused. In the most damaged 
interlobular arteries the media and intima were fused in a manner 
comparable to the arterioles. The adventitia of the interlobular 
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of the same material were stained with methyl violet as a test for 
amyloid. The tissues fixed in Zenker’s fluid were embedded in 
paraffin and stained with eosin-methylene blue. Weigert’s elastic 
tissue stain was used on both formalin and Zenker-fixed materials. 
The calcium deposits were identified by their solubility in acid and 
by the following histological criteria, using principally formalin- 
fixed material; (i) When stained with hematoxylin and eosin the 
precipitated calcium appeared as a dark blue, coarsely gramflar 
material. (2) After treatment with a silver nitrate solution and 
counterstaining with a 0.5 per cent solution of basic fuchsin the de- 
posits assumed a deep brownish black color. 

Results 

Toxic Manifestations: A demonstrable loss of the rabbit’s body 
weight occurred within a few days after the administration of large 
doses of irradiated ergosterol was begun (Table I). Cachexia, loss 
of appetite, and oftentimes diarrhea developed as the irradiated 
ergosterol was continued. The hemoglobin showed a slight tendency 
to fall. The urine invariably contained a large quantity of albumin 
during the last day or two of life, and at the same time there was 
usually some retention of urine. 

Of the control animals (Table II), four maintained a constant 
weight and two showed only a very gradual decline. The other two 
(Nos. 17 and 21), showed a considerable loss of weight and de- 
veloped diarrhea. The urine showed small amounts of albumin on 
three occasions, a finding which is not imusual in apparently healthy 
rabbits. 


Pathological Description of the Kidneys 

This report will be confined to the study of the kidneys of the 
twenty-four test animals, and the general pathological studies will 
be pubhshed subsequently. 

Gross: The kidneys from the animals dying of irradiated er- 
gosterol poisoning were found occasionally to be slightly reduced in 
size, but they always appeared normal in color, shape and consist- 
ence. After sectioning, however, defimte macroscopic changes were 
seen in the cortex and medulla of the kidneys from the animals sur- 
viving the longest. These changes were not apparent in the animals 



490 


SPIES AND GLOVER 


in the interlobular arteries than in the glomerular arterioles. How- 
ever, strikingly different amounts of fat occurred in vessels of simi- 
lar caliber and with a comparable degree of sclerosis. In the inter- 
lobular arteries the droplets were located chiefly in the media, 
while in the glomerular arterioles, the subintimal regions were espe- 
cially rich in fat. These fat deposits were for the most part found in 
arteries showing marked calcification. However, some of the calci- 
fied vessels were free from fat, while occasionally there were scat- 
tered droplets of fat even in the walls of otherwise normal appearing 
vessels. Large amounts of fat filled the sites of obliterated lumina 
and the areas of necrosis within some of the vessel walls. The 
amount of fatty material was roughly proportional to the degree of 
general vessel involvement. 

Elastic Tissue: There was marked thickening of the internal 
elastic lamina of many of the interlobular arteries. Thickening 
of the layers and splitting of the fibers was common. In general the 
external elastic lamina was normal. Occasionally, however, some of 
the individual fibers were irregularly thickened. The elastic tissue 
of the glomerular arterioles, when these were markedly involved, 
was indistinguishably fused with the adjacent portions of the wall. 

2. Veins: The middle-sized and smaller veins showed changes 
similar to those in the corresponding arteries, but these changes 
were neither so numerous nor so marked as in the arteries. 

Both the arteries and veins of the control animals were normal in 
every respect, as were those from the animals killed within eight 
days after first receiving irradiated ergosterol. 

3. Txibules: Extensive pathological changes occurred in the 
renal tubules of all animals that received irradiated ergosterol. 
Structural changes were much more apparent in the convoluted 
tubules and the loops of Henle than in the collecting tubules. The 
most conspicuously involved tubules were in the vidnity of the 
dusters of affected vessels described above. In the severely damaged 
kidneys there were focal areas in which the tubules showed marked 
calcification and hyalinization and thickening of the basement 
membrane. In a few of the most severely damaged kidneys, the 
majority of the tubules were markedly atrophic. In the less damaged 
kidneys the majority of the tubules were undergoing cystic (filata- 
tion, with little or no thickening of the basement membrane. There 
were many areas containing tubules in various stages of transition 
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arteries was rarely involved. In both the arterioles and the inter- 
lobular arteries showing advanced changes, the walls were thick- 
ened with resulting diminution in the caliber of the lumina. Fre- 
quently the contour of the vessels was altered and the lumina were 
eccentrically placed. Many of the lumina were reduced to mere 
slits, or even entirely obliterated. In such cases the sites of former 
lumina were occupied by fused masses of necrotic material, calcium 
salts and cellular debris. In some instances polymorphonuclear and 
endothelial leucocytes were found in this material. 

Calcium and Hyalin: Large and small irregularly shaped masses 
of calcium were deposited in the walls of the interlobular arteries. 
In the arterioles the deposits were smaller and less numerous. The 
calcium deposits in the arteries were located chiefly in the media and 
internal elastic lamina. In some vessels these deposits in the media 
were sharply separated from one another by normal tissue, while in 
others they fused to form a calcified ring encircling the lumina. 
These deposits occurred both in normal appearing and necrotic 
areas of the vessel walls. After decalcification many of the areas 
formerly occupied by calcium appeared either as hyalinized material 
or as degenerated regions containing vacuolated cells without 
nuclei or with pyknotic nuclei. 

In many instances the calcification and hyaline formation were 
so intimately related that it was impossible to differentiate sharply 
between them. At times, however, a definite layer of hyaline mate- 
rial lay internal to the calcium deposits. After removal of the cal- 
dum the bluish pink-staining hyaline material became more promi- 
nent. It was deposited in areas of irregular size and shape in the 
media and subintimal portion of the interlobular arteries, and as a 
subendothelial band of irregular thickness and distribution in the 
glomerular arterioles. This irregular distribution was espedally 
well shown in longitudinal sections of the affected vessels. The tis- 
sues immediately adjacent to the hyaline deposits were well demar- 
cated from them and appeared normal. Instances were observed in 
which the afferent arteriole was normal, but the interlobular artery 
leading to it was undergoing hyalinization. Areas of necrosis were 
occasionally found in the hyalinized regions. In general the amount 
of hyalinization paralleled the degree of vessel involvement. 

Fat: Many of the severely damaged vessels were heavily laden 
with droplets of fat. These deposits were larger and more numerous 
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basement membrane. They either took the form of isolated deposits 
of variable size separated by normal appearing tissue, or fused to 
form crescentic masses. After removal of calcium there remained 
either areas of hyalinization or regions of vacuolization containing 
pyknotic nuclei and cellular debris. An irregularly thickened bluish 
pink layer of hyaline material lay between the basement membrane 
and the epithelium. This hyaline band sometimes extended around 
the capsule and became continuous with the hyaline layer of the 
tubule. At times the glomerular capsule was somewhat shrunken. 
In the capsules damaged to the greatest extent there were consider- 
able deposits of fat, while scanty deposits were found in the capsules 
only moderately injured. A few of the tufts contained focal deposits 
of calcium but the great majority were normal. There did not seem 
to be a dose relationship between the amount of blood in the glom- 
erular tufts and the degree of vessel damage. 

The glomeruli in the kidneys of the control animals and those 
killed early were normal. 

The interstitial tissue was essentially negative in the kidneys of 
all animals. 


Chemical Constituents op the Blood 

The effect of the administration of irradiated ergosterol upon the 
nitrogenous constituents of the blood can best be appredated by 
considering first the concentration of these substances in the blood 
of the control rabbits. As shown in Table II, the non-protein nitro- 
gen averged 39 mg. per 100 cc., only two blood samples showing 
more than 43 mg. per 100 cc. The urea nitrogen averaged 15 mg. 
per 100 cc., creatinine 1.6 mg., and uric add i mg. The value for 
uric add was about one quarter as great as is normal for human 
blood. 

The bloods of the animals receiving fatal doses of irradiated 
ergosterol all showed a rise in the nitrogenous constituents during 
the last day or two of life, the terminal values for non-protein nitro- 
gen ranging from 67 mg. to 222 mg. per 100 cc., as shown in Table I. 
The urea showed a comparable but proportionately greater rise, so 
that at death the urea nitrogen amounted to about 65 per cent of 
the non-protein nitrogen, whereas in the normal animals it was only 
about 35 per cent. This same phenomenon occurs commonly in 
human beings, as a result of nephritis.^^ The blood creatinine in- 
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between simple cystic dilatation and the more advanced condition 
of calcification and thickening of the basement membrane. Calcium 
was deposited in and near the basement membrane of many of the 
severely damaged tubules, and to some extent within the degen- 
erated epithelium. The calcium appeared as large or small isolated 
masses of irregular contour which often fused to encircle the lumina. 
The transition was abrupt between areas of calcification and im- 
mediately adjacent normal tissue. Frequently large, laminated, 
often oval-shaped masses of calcified and hyalinized material oc- 
curred within the thickened basement membrane. These masses ^ 
indented the tubular walls and many times invaginated the walls 
into the lumina. A thickened, coarse, irregular zone of almost trans- 
parent bluish pink, hyalinized material often lay between the 
epithelium and the basement membrane. At times this layer was as 
thick as the original diameter of the tubular epithelium. Where the 
calcium deposits and hyaline changes were most marked the tubules 
became narrowed, distorted, and at times difficult to identify. In 
the severely damaged tubules the epithelium usually was degener- 
ated, but in some of them it remained practically normal. The early 
changes in the epithelium consisted in hyaline droplet degeneration 
with scattered ‘droplets of fat, or else swelling of the cells resulting 
in pronounced narrowing or even occlusion of the lumina. In the 
animals living the longest, however, the cells were markedly flat- 
tened and contained relatively few fat droplets. The tubules were 
often distended with large hyaline casts containing calcium. 

The collecting tubules showed to a much less degree the changes 
described in the convoluted tubules and in Henle’s loops. However, 
the most noticeable abnormality was the presence of large hyaline 
casts containing caldum. They distended the tubules and com- 
pressed the lining epithelium. 

The tubules in the kidneys of the control animals were normal, 
as were those of the animals killed soon after the administration of 
irradiated ergosterol was begun. 

4- Glomeruli: In the severely damaged kidneys the glomerular 
capsules were often thickened, hyalinized and calcified. In the 
kidneys injured but moderately or slightly, the capsules almost al- 
ways appeared normal. The pronounced lesions in the glomerular 
capsules were located near groups of severely damaged vessels and 
tubules. The calcium occurred in irregular deposits in and near the 



Table I 

EJfecl of Massive Doses of Irradiated Ergosterol {“ Super- Ackrol") upon Rabbits 
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creased to a rather less degree than the non-protein nitrogen and 
urea, while the uric acid never rose to more than twice its original 
level and in several instances showed scarcely any rise at' all. This 
last finding is in accord with Folin’s observation that herbivorous 
animals excrete uric add with extraordinary efidciency. 

The kidneys of some of the rabbits showed much more marked 
caldfication than those of others, and in turn it is evident from the 
data given in Table I that the height of the non-protein nitrogen at 
death corresponded quite closely with the degree of caldfication and 
general kidney damage. It is probable that the animals which 
showed relatively less kidney involvement post mortem died on ac- 
count of lesions in other organs, while in those showing the most 
marked involvement of the kidneys, uremia was at least an im- 
portant contributory cause of death. It is noteworthy that in aU 
cases the retention of nitrogenous products occurred only in the last 
few days of life, after the kidney damage had become severe. 

In order to determine the effect of extreme cachexia upon the 
chemical constituents of the blood discussed above, two rabbits in 
the last stages of tuberculosis were studied. The nitrogenous con- 
stituents were not found to be elevated. 

Discussion 

It has been shown in the experiments reported here that excessive 
doses of activated ergosterol administered over a period of from 
nine to sixty days produced marked histological changes in the renal 
vessels, tubules and glomerular capsules. The media of the inter- 
lobular arteries and the entire walls of the glomerular arterioles 
were often sclerosed, and both types of vessels contained prominent 
subendothelial deposits of hyaline material. In addition the in- 
ternal elastic lamina of the interlobular arteries was thickened, and 
interweaving and splitting of the fibers occurred. The basement 
membrane of the tubules was markedly thickened and large areas of 
hyalin lay between it and the tubular epithelium. In some animak 
marked tubular atrophy occurred. The basement membrane of the 
glomerular capsules was likewise irregularly thickened, with large 
deposits of hyaline material between it and the capsular epithelium. 
Caldfication was marked in isolated areas in and near the basement 
membrane of the tubules and of the glomerular capsules. The same 
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condition also occurred in the vicinity of the internal elastic lamina 
of affected vessels. 

This process was accompanied by a retention of nitrogenous prod- 
ucts in the blood and the appearance of albumin in the urine, in- 
dicating serious interference with renal function. 

The composite histological changes in the kidneys of the animals 
were strikingly different from the picture of any known pathological 
process occurring in man. Nevertheless, after decalcification, the 
lesions in the glomerular arterioles and the interlobular arteries did 
resemble the renal lesions associated with hypertension. Blood pres- 
sure readings were not taken because of technical difficulties. 

Another unusual feature was the frequent occurrence of wide- 
spread tubular atrophy with very little demonstrable damage to the 
glomerular tufts. It is thought that perhaps this atrophy was sec- 
ondary to vessel damage and to the tremendous thickening of the 
basement membranes of the tubules. 

Collip et ak has reported a rise in the non-protein nitrogen of the 
blood of dogs to as high as 219 mg. per 100 cc., occurring just before 
death as a result of large doses of parathyroid hormone. This sub- 
stance, like irradiated ergosterol, causes a marked increase in blood 
calcium, with calcium deposition in various organs. Kidney lesions 
occur, as reported by Hueper “ and Learner,^® but the parenchyma 
is more seriously affected than are the blood vessels. Hueper de- 
scribes, in dogs that received large doses of parathyroid extract, 
hemorrhages in the glomeruli, necrosis and calcification of the tubu- 
lar epithelium, and “calcification of the membranae propriae of the 
tubules and Bowman’s capsules and of the elastic membranes of the 
arteries.” Learner records similar changes in rabbits, but states 
that “it was in the lumen of the tubuli where the calcium was most 
to be seen.” 

It is noteworthy that the doses of irradiated ergosterol used in 
our experiments were many times greater, per unit of body weight, 
than those recommended for human use. 

SmuiARY 

I. The administration of massive doses of irradiated ergosterol 
to rabbits caused marked histological changes in the kidneys. The 
chief changes were sclerosis and hyalinization of the vessel walls, 
and thickening of the basement membranes of the tubules and 
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Effect of Inert Solvent Oil ufon Rabbits 
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DESCRIPTION OF PLATES 
Plate loi 

Fig. I. Shows numerous dark staining deposits of calcium in the cortex and 
deep in the medulla, x 15. 

Fig. 2. Four arterioles imdergoing hyalinization, and narrowing. Also note 
hyaline deposit in a portion of the glomerular capsule, x 500. 
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glomerular capsules, accompanied in both by extensive subepitbelial 
deposits of hyalin. There was abundant deposition of calcium in 
these localities. Pronounced atrophy of the tubular epithelium also 
occurred. 

2. The kidney lesions were accompanied by the appearance of 
large amounts of albumin in the urine and by retention of nitrog- 
enous products in the blood. The degree of nitrogen retention was 
in general proportional to the amount of kidney damage as evi- 
denced by histological examination. 

We wish to acknowledge our indebtedness to Dr. F. B. Mallory 
for helpful criticism and for the photomicrographs. 
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Plate 102 


Fig. 3. Large interlobular artery with irregularly distributed subintimal de- 
posits of hyalin. Adjacent arteriole, shown in longitudinal section, is un- 
dergoing marked hyalinization with reduction in caliber, x 500. 

Fig. 4. Focal area of atrophied tubules containing thick deposits of hyalin. 
Note a portion of large artery is essentially negative. Compare these 
tubules with the more normal tubules in Fig. 2. x 500. 

Fig. 5. ]\Iarked atroph}"^ of the tubules with resulting approximation of the 
three glomeruli. Compare these atrophic tubules with the more normal 
tubules in Fig. 2. x 500. 
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THE SIGNIFICANCE OF THE MUSCULAR ‘'STROMA” OF 
ARGENTAFFIN TUMORS (CARCINOIDS) * 

P. Masson 

{From the Department of Pathological Anatomy, University of Montreal, 
Montreal, Canada) 

The physiological role of the argentaffin cells remains absolutely 
unknown. From the beginning of my researches I had the idea, since 
expressed by Danisch, of using extracts of carcinoids in physiological 
experiments. Circumstances hitherto have not favored the realiza- 
tion of this project. In the meantime, may not a purely morphologi- 
cal study of carcinoids point the way. 

We have long known that most cardnoids possess a stroma more 
or less rich in smooth musde fibers. In his remarkable chapter de- 
voted to these tumors, Oberndorfer ^ hesitates over the interpreta- 
tion of these fibers. For him, it is not improbable that they come 
from the muscularis mucosae. “They have no connection whatever 
with the circular and longitudinal musde coats and, for the opinion 
that they form an integral part of the tumor, there is much to be 
said (vieles fiir sich hat).” Comparison of several cardnoids of dif- 
ferent degrees of development and of invasion will lead us to a more 
exact and perhaps more suggestive interpretation. 

Observations 


CORRECTION 

Plate 85. Fig. 14 should have legend of Fig. 15. 

Plate 86. Fig. 15 should have legend of Fig. 16. Fig. 16 should 
have legend of Fig. 14. 
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gravid uterus. Submucosa fibrous, traversed by voluminous musde 
bundles that unite the circular muscle and the muscularis mucosae. 
Nerves and ganglia of Meissner’s plexus h3rpertrophied. Muscu- 
laris mucosae notably h3^ertrophied. 

The thick mucosa poor in l3miph nodules. Crypts broad, elon- 
gated, the cells hypertrophied, most of them containing mucus in 



large calices. The stroma of the mucosa consists of the usual reticu- 
lum, and especially of a network of slender nerve fibers deprived of 
argentaflin cells. The lymph filling the meshes of this reticulum is 
poor in free cells. 

Two areas, the tip and the middle of the appendix, present special 
features. At the tip of the appendix there is a volmninous argen- 
taffin cell neuroma. This neuroma is so large that it has ruptured the 
muscularis mucosae and the muscle coats. It is capped by an at- 
tenuated submucosa which makes a hernia beneath the visceral 
peritoneum. 
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THE SIGNIFICANCE OF THE MUSCULAR “STROMA” OF 
ARGENTAFFIN TUMORS (CARCINOIDS) * 

P. Masson 

{From the Department of Pathological Anatomy, University of Montreal, 
Montreal, Canada) 

The physiological role of the argentaffin cells remains absolutely 
unknown. From the beginning of my researches I had the idea, since 
expressed by Danisch, of using extracts of carcinoids in physiological 
experiments. Circumstances hitherto have not favored the realiza- 
tion of this project. In the meantime, may not a purely morphologi- 
cal study of carcinoids point the way. 

We have long known that most carcinoids possess a stroma more 
or less rich in smooth musde fibers. In his remarkable chapter de- 
voted to these tiunors, Oberndorfer ^ hesitates over the interpreta- 
tion of these fibers. For him, it is not improbable that they come 
from the muscularis mucosae. “They have no connection whatever 
with the circular and longitudinal muscle coats and, for the opinion 
that they form an integral part of the tumor, there is much to be 
said (vieles fiir sich hat).” Comparison of several carcinoids of dif- 
ferent degrees of development and of invasion will lead us to a more 
exact and perhaps more suggestive interpretation. 

Observations 

Ohs. 1 (95 c): Diagram i. Voluminous appendix with thickened 
walls. The thickening affects the submucosa almost exclusively. 

In its entire length the appendix presents the lesions characteristic 
of hypertrophy of the musculonervous complex of the submucosa 
(Masson "). Fibers of the muscle coat voluminous, like those of a 

* Received for publication April 30, 1930. 
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Throughout the appendix the subglandular plexus is moderately 
h)^ertrophied. Here and there are beginning neuromas. The nerve 
filaments contain round argentaffin cells, either single or in small 
groups, always few in number. 

The submucosa is normal in thickness. The nerves of Meissner’s 
plexus are voluminous and the nmnber of muscle bundles is notably 
increased. There is nothing abnormal in Auerbach’s plexus or in the 



muscle coats. There is, then, both hyperplasia of the nerves of the 
mucosa containing argentaffin cells, and moderate hyperplasia of the 
musculonervous complexes of the submucosa. 

Near the tip of the appendix, embedded in the submucosa and oc- 
cupying its inner two-thirds, is a small sphere colored red by the 
trichrome stain. This minute tumor is continuous with the muscu- 
laris mucosae but it does not reach the circular muscle. Only a few 
slender bundles detach themselves from the circular muscle, as in all 
appendices, and fuse with the outer surface of the tumor, Exarmna- 
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In the middle of the appendix, between the tips of three or four 
crypts and the slightly bulging muscularis mucosae, is a group of 
typical carcinoid columns. These columns are slender; they consist 
of polygonal and especially of palisaded cells. The cytoplasm of these 
cells contains fine acidophilic granules gathered at one pole. They 
do not reduce silver.* Some of them have two nuclei, probably an 
indication of amitotic division. 

The carcinoid columns anastomose in a plexus. They are enclosed 
in a thin sheath of collagen. It can be seen easily that they are not 
situated in the lymphatic interstices of the mucosa but in the nerves 
themselves; they have penetrated the nerves and adopted their 
plexiform structure. Alongside of the area that contains the car- 
cinoid cells, the nerves are slightly hypertrophied and pressed more 
dosely together than in the rest of the appendix. 

These columns occupy a very restricted area of the mucosa; some 
of them send prolongations into the nerves of the muscularis mu- 
cosae; they are found even as far as the superfidal filaments of the 
submucous plexus. It is obvious that the cardnoid, intranervous in 
its entire extent, has arisen in the subglandular nerves and that the 
invasion of the nerves of the muscularis mucosae and of the sub- 
mucosa is comparatively recent. 

The contractile cells of this region are slightly hypertrophied but 
in this they do not differ noticeably from those of the other regions 
of the appendix. It is obvious that they were there before the ap- 
pearance of the tmnor and that they do not form an integral part of 
it in any sense. 

Obs. 2 (241 h): Diagram 2. Appendix with uniform lumen. Cav- 
ity filled with pus. 

The mucosa, rich in lymph nodules, five to seven per cross-section, 
presents no ulceration. Discrete infiltration with polynudears in its 
superfidal region. Deeper down, as in the submucosa and the musde 
coats, there are no wandering cells. No peritoneal reaction. This 
appendix, then, was removed during a simple catarrhal inflammation 
which has not altered its structure in any way. 

* I have stated elsewhere that the silver-reducing properties correspond to a func- 
tional state of the argentaffin cells-, that the silver-redudng granules are not found in all 
of the cells of carcinoids; and that some of these tumors are completely free from them, 
although their nature cannot be doubted for all that. In the absence of these granules 
the carcinoid cells have enough other special characteristics to make their identification 
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In the mucosa and capping the tips of three crypts of Lieberkiihn, 
slender carcinoid columns form an almost continuous plexus and 
penetrate a tiny intramucous neuroma. Outside of the invaded 
areas, the nerves are intact and have not undergone any degenera- 
tion, either above or below the penetrated points or between them. 
The adjacent portion of the muscularis mucosae is much thickened 
and forms a small fasciculated myoma which encroaches on half the 
thickness of the submucosa. 

Laterally, this myoma of the muscularis mucosae anastomoses 
with another myoma occup)dng the outer half of the submucosa and 



Diagram 3 


attached externally to the circular muscle. This latter myoma, coni- 
cal in form, has a truncated summit by which it is continuous with 
the myoma of the muscularis mucosae; it seems to represent an in- 
tense hyperplasia of some of the muscle bundles of the submucosa. 
Its bimdles are formed of large fibers rich in myofibrils. Its broad 
base corresponds to the middle zone of the circular muscle. In all of 
this external portion the contractile fibers are poorly differentiated, 
with few myofibrils, clear and oriented in all directions without ap- 
preciable bundle formation. 

It is obvious that this myoma results from hyperplasia of preexist- 
ing muscle fibers and not from the production of entirely new muscle 
fibers between the old bundles. If the latter condition obtained. 
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tion with high magnification shows this tumor to be a myoma with 
cells elongated and running in all directions. Its interstices are oc- 
cupied by collagen fibers, many capillaries, slender nerve filaments, 
and small clusters of argentaffin cells. 

Between the myoma and the tips of the crypts of Lieberkiihn is 
found a hypertrophied nerve plexus rich in argentaffin cells. This 
plexus is continuous with the rich and complex nerve network 
which ramifies among the fibers of the adjacent myoma. Without 
any possible doubt, the myoma is the result of hyperplasia of the 
muscularis mucosae. 

The carcinoid columns included in this neuroma do not infiltrate 
the connective tissue, but they penetrate the nerve filaments and 
assume their pleaform arrangement. This penetration is not gen- 
eral. At certain points where the carcinoid colmnns are interrupted, 
they are seen to be continued by nerves which are intact but more 
slender, and it can be seen also that the carcinoid colmnns are sepa- 
rated from the surrounding tissue by a thin sheath of collagen which 
is continuous with that of the stUl uninvaded nerve. 

Without doubt, this cardnoid arose in the nerves of the mucosa. 
Its proliferating cells invaded the nerves of the muscularis mucosae 
and the contractile fibers of this musde have multiplied, giving rise 
to a myoma which, from the mere fact of its origin, occupies the in- 
terstices of the invaded nerve plexus. 

Obs. 5 (123 m): Diagram 3. Appendicular lumen regular but 
narrow and cylindrical. Lymphatic tissue quite abundant, five to 
ten nodules in each cross-section. 

The subglandular nerve plexus contains a number of isolated 
argentaffin cells. This plexus is hyperplastic; here and there it forms 
tiny neuromas which push the muscularis mucosae outward. The 
submucosa is adipose; it presents musde fibers and nerves that are 
moderately but distinctly hyperplastic. In short, along its whole 
length this appendix shows typical hyperplasia of the subglandular 
plexus containing many argentaffin cells, and hyperplasia of the 
musculonervous complex of the submucosa. 

Near the tip there are spedal lesions which merit doser attention. 
Around four-fifths of its drcumference the appendix has the char- 
acteristics just described, except that it is poorer in lymph nodules, 
two to each cross-section. The remaining fifth presents the following 
peculiarities. 
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dix. Many, probably all of them, are intranervous. In all this re- 
gion this coat is much thickened, whereas it is very thin on the op- 
posite side where there are no argentaffin cells. It should be noted 
that at one point (upper part of the figure), the new fibers issuing 
from the external layer of the longitudinal coat pursue a very ab- 
normal course; most of them are circular. 

Having traversed the muscle coat, the tumor colmnns invade the 
serosa where they acquire a much larger caliber. In all of this outer 
zone they are not in the nerves but in a connective tissue normally 
deprived of muscle fibers. This tissue becomes denser between the 



columns but there is not a single muscle fiber in the interstices. At 
this point, the stroma of the carcinoid contains no smooth muscle 
fibers. 

Obs. 5 {Mag.): Diagram 5. Last centimeter of the appendix 
obliterated, occupied entirely by a carcinoid. 

The tmnor fills the axis and penetrates the muscle coat at a narrow 
point. From this point, the carcinoid columns spread through the 
interstices of the circular musde around three-fourths of its circum- 
ference, leaving one-fourth free. Finally they gain the longitudinal 
muscle where they spread radially. 

The stroma of the axial portion of the tumor is very fibrous but it 
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adult circular fibers would be found among the disoriented young 
fibers. Now, these latter alone are present to the exclusion -of the 
others throughout the whole myoma which occupies the place of the 
circular muscle. Moreover, this area of young fibers is continuous 
externally by all possible transitions with the normal muscularis of 
adult circular fibers. 

Summing up these various myomas, we find that each of them has 
for its origin a special muscle apparatus, that is, muscularis mucosae, 
muscle complex of the submucosa and circular muscle. We learn 
further that their muscle fibers are well differentiated and at rest in 
the myomas nearest the mucosa, young and in active proliferation in 
the myoma of the circular muscle. The latter is obviously more 
recent than the others. 

The interstices of all these myomas are invaded by the carcinoid, 
the neurocarcinoid, originating in the mucosa, and here too the in- 
vasion is not into the connective tissue but purely nervous. The 
invasion is abundant enough to mark out the reticular structure of 
the affected plexus, discrete enough to permit recognition of the 
segments of intact nerves between the infiltrated portions, and so 
distinct that its limits can be determined precisely. The muscular 
hyperplasia is produced exclusively at the expense of the muscle 
coats, the nerves of which have been infiltrated; in the interstices of 
the mucous portion of the carcinoid there are no muscle fibers. It is 
most mature in the earliest invaded areas; for instance, in the 
muscularis mucosae it consists of adult muscle fibers, in the circular 
muscle of young fibers. 

Obs. 4 (320 li): Diagram 4. Carcinoid of the tip of the appendix. 

The carcinoid is separated from the end of the appendicular lumen 
by a voluminous, axial, argentaffin cell neuroma in which, beyond 
any doubt, it has arisen (neurocarcinoid). The tiunor fills the ap- 
pendicular axis and penetrates the circular muscle at a very re- 
stricted point, invading only the myenteric nerves and this in a very 
discrete manner. All of that region of the circular muscle around the 
infested nerves has undergone considerable hyperplasia, resulting in 
a lenticular-shaped myoma. This myoma, at its margin, is continu- 
ous with the circular muscle; it encroaches on and deforms the 
carcinoid. 

Slender argentaffin columns gain the longitudinal musde and cross 
it here and there around one-half of the circumference of the appen- 
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The tumor is an enormous myoma with very compact muscle 
fibers. There are three regions differing in the orientation of their 
fibers; in the middle the fibers are longitudinal ; at the periphery they 
are circular; in the intermediate zone they are oblique. Judging from 
its situation within the submucosa, this myoma manifestly corre- 
sponds to an enormous h3q)erplasia of the muscularis mucosae. Its 
interstices are infiltrated by many carcinoid colunms, most of them 
intranervous. 

If we turn now to the muscular coats of the appendix, we find that 
for four-fifths of their circumference they are very thin and sepa- 



DlAGEASr 6 


rated from the central myocafcinoid by the submucosa. In the re- 
maining fifth (left side of the figure) they are thick and the circular 
muscle is connected with the myoma by anastomotic fibers. In this 
region, and in this region only, Auerbach’s plexus is infiltrated with 
carcinoid columns. Some of these columns pass beyond the plexus 
and the longitudinal muscle to invade the connective tissue of the 
visceral serosa. The stroma of this peritoneal portion of the tumor 
does not contain a single muscle cell. 

Ohs. 1 {i02 f): Diagram 7. (In this diagram, the contour of the 
axial carcinoid is indicated by a festooned line.) 
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is easy to distinguish many smooth musde fibers continuous with 
the vestiges of the muscularis mucosae. 

In all of the musde region invaded, nearly all, perhaps all, of the 
cardnoid cells are in the nerves and each of these coats presents 
notable thickening, maximum at the point of penetration of the dr- 
cular musde by the cardnoid, diminishing gradually at each side in 
the regions more recently invaded, to cease beyond the zone of in- 
vasion. 

It should be noted further that a group of argentaffin colimins 
have penetrated the nerves and perhaps the lymphatics which run 



alongside of a large artery coming from the meso-appendix. These 
columns traverse the musde coats without putting out prolongations 
into their nerves. Despite this propinquity, the musde fibers do not 
undergo any change either of dimensions or number. 

Obs. 6 (51 w); Diagram 6. Cardnoid at the tip of the appendix. 

The nearly spherical tumor measures about 7 mm. in diameter. 
It is separated from the drcular and longitudinal musde by a thin 
submucosa. Excentrically placed, there is a small rounded group of 
voluminous cardnoid columns separated by purdy connective tissue 
septa. This tiny object probably represents the axis of the obliter- 
ated appendix, the point of origin of the cardnoid, pushed to one 
side by the unequal growth of the rest of the tumor. 
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musde sheath, representing the muscularis mucosae, separates 
them. At one point only, the muscularis mucosae is traversed by 
carcinoid columns which penetrate the muscle coats along one-fifth 
of their circumference and gain the serosa. Attentive study of this 
zone of invasion shows that many of the carcinoid columns are not 
really in the interfascicular connective tissue but in the filaments of 
Auerbach’s plexus. 

In all of the invaded region the circular and the longitudinal mus- 
cle coats are thickened. The thickening doubtless depends in part on 
the infiltration of their interstices with foreign cells, but chiefly on 
the multiplication and hypertrophy of the contractile cells them- 
selves. A little beyond the zone of invasion the thickening ceases 
rapidly. 

We should note an important point. The carcinoid columns tra- 
verse the muscle coats, either through the nerves or through the in- 
terstitial tissue, to infiltrate the peritoneal nerve filaments and con- 
nective tissue. In these regions where there is no preexistent muscle, 
the stroma of the tumor is pure connective tissue; but if, as in the 
section represented in the figure, the argentaflSn cells following the 
nerves gain a muscle bundle belonging to the meso-appendix, this 
muscle bundle undergoes local hypertrophy identical with that of 
the appendicular muscle. 


Discussion 

{a) The small carcinoids which I have been able to observe in 
permeable appendices begin in tiny neuromas situated in the sub- 
glandular portion of the plexus of the mucosa. Several observations 
related in this paper, as well as others not reported here, lead me to 
believe that when carcinoids develop in previously obliterated ap- 
pendices, they arise in axial neuromas resulting from the persistence 
or increase of the tiny neuromas already mentioned. All of the 
young carcinoids that I have seen are neurocarcinoids. 

AH of the proliferating argentaffin cells are of the glandular type. 
They penetrate the nerves electively without provoking either their 
increase (this was acquired previously) or their degeneration; there- 
fore the cells are not neurogenic. If, then, the initial neuroma has 
been provoked by certain argentaffin cells, it is not by these glan^du- 
lar cells, for their multiplication has not this effect, but by others 
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An appendix 6 cm. long, regularly cylindrical, except at the tip 
which is slightly swollen; at this point, the peritoneum is yellow and 
opaque, foretelling the presence of a carcinoid. In the first 3 cm. the 
appendix is permeable; in the last 3 cm. obliterated. 

The permeable region need detain us little. In the mucosa, lymph 
nodules are few; between them, the subglandular plexus is slightly 
hyperplastic and contains a few argentaffin cells. There is no ab- 



normality in the musculonervous complex of the submucosa nor in 
the muscle coats. 

The distal four-fifths of the obliterated region is occupied by a 
carcinoid, the proximal fifth by a voluminous argentaffin cell axial 
neuroma, continuous with the plexus of the mucosa. The carcinoid 
invades the neuroma from below upward and we may suppose that it 
originated in the terminal region of this neuroma, which it replaces 
(neurocarcinoid). 

The carcinoid fids the axis of the appendix but does not invade the 
submucosa, which is thinned and pushed before it. A discontinuous 
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every muscle region where the nerves are infested with argentaffin 
cells. 

(c) What might be the cause of this muscular hypergenesis? Else- 
where ^ I have shown that the appendicular muscles, those of the 
muscularis mucosae, those of the submucosa and those of the muscle 
coats, may undergo a h3T)erplasia, the cause of which seems to be 
hyperplasia of the myenteric sympathetic. In the lesion under dis- 
cussion, it is probable that here again the muscle hyperplasia is due 
to a nervous excitation but of quite another nature; it seems to be 
determined by the carcinoid invasion of the same plexuses. 

One might think that the mere presence of foreign cells in the 
nerve fflaments would excite them and provoke hyperplasia of the 
corresponding muscle territories. Were this true, invasion of the 
myenteric plexus by ordinary cancer cells should have a similar 
effect; but nothing like this is seen. May we not suppose, then, that 
the muscle hyperplasia is incited by a special intranervous secretion, 
a neurocrinia ^ of the carcinoid cells? 

What is this substance secreted by the argentaffin cells? In these 
cells are found two kinds of inclusions, fats and granules. The fats 
are complex; their microchemical characters show that they consist 
of a mixture of neutral fats and cholesterin ethers in variable propor- 
tions. In argentaffin ceU neuromas I have observed that these fats 
elaborated in the cells may be eliminated directly into the nerve 
filaments where they soon disappear, as if they had been utilized by 
the nerve tissue. The argentaffin granules are as chromaffin as are 
those of the paraganglia, hence the idea proposed by Ehrlich,^ by 
myself,^ and subsequently by Danisch,® that the carcinoids are 
phaeochromoblastomas or paragangliomas comparable to the 
tumors of the adrenal medulla. 

Ehrlich and Danisch believed that the carcinoids were sympa- 
thetic phaeochromoblastomas analogous to those of the adrenal. The 
certain endodermic origin of the carcinoid cells, their argentaffinity 
together with their chromaffinity, have led me to an opinion which is 
at the same time similar and different. For me they are paragan- 
gliomas originating in a nervous system derived from the entoderm, 
a neurentoderm. Be that as it may, the chromaffinity of these cells 
permits us to suppose that, in addition to the fats, they secrete a 
substance more or less comparable to adrenalin but nevertheless 
different. We may suppose that this substance, poured into the 
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which take no part in the constitution of the carcinoid, namely, by 
those cells which I have thought to be ganglionic. 

After penetrating the intramucous neuroma the carcinoid colmnns 
gain the filaments that traverse the muscularis mucosae, then 
Meissner’s plexus, then Auerbach’s plexus. They infiltrate without 
destro3dng the nerve fibers or the ganglion cells of the myenteric 
plexus and without provoking their increase. In the meantime, some 
of them get out of the nerve and invade the connective tissue and 
even the lymphatics. 

This intranervous progress is not peculiar to carcinoids; it is seen 
also in epitheliomas of the digestive tract; but, in this event, the in- 
vasion of the nerve is secondary, it follows interstitial invasion. In 
carcinoids, on the contrary, the penetration of the nerve is primary 
while the connective tissue invasion is secondary. The name neuro- 
carcinoid which I have proposed to give to carcinoids thus seems to 
me to be more justifiable than ever. 

(6) Tracing the steps of this intranervous invasion we find that 
the corollary of the penetration of the various planes of the myen- 
teric plexus is an overgrowth of the smooth muscle of the infested 
nervous region. To the invasion of the nerves of the muscularis mu- 
cosae there corresponds a myoma springing from it. If the car- 
cinoid columns gain the nerves of the circular muscle and the sub- 
mucous bundles depending on them, another myoma is added to the 
first. Similarly, when the carcinoid attains the external branches of 
Auerbach’s plexus, the longitudinal muscle hypertrophies in its 
turn. If, in addition, the nerves of a muscle bundle of the meso- 
appendix are infiltrated, this bundle increases also. It should be 
noted that the overgrowth of the muscle is restricted to the area of 
nerve invasion; beyond this point it ceases quite abruptly. 

Finally, we should note the chief point. When the carcinoid 
columns invade the nerves or the connective tissue of the visceral 
serosa or the fat of the meso-appendix, no muscle fibers are seen in 
their interstices. It follows that the muscle fibers observed in the 
stroma” of carcinoids are not an integral part of these tumors. 
They result from proliferation of preexisting muscle fibers, the nerves 
of which have been invaded by the carcinoid cells. The myogenic 
influence of the invasion of the nerves does not extend to a distance; 
it seems to exhaust itself on the spot. Moreover, it does not affect 
this or that muscle coat to the exclusion of the others, but it involves 
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DESCRIPTION OF PLATES 
Plate 103 

Fig. I. Obs. 3 (123 m). Deep region of the mucosa. 

On the left the muscularis mucosae “M.” On the right, the tips of two 
crypts of Lieberkuhn “LL.” Between the muscularis mucosae and the 
tips of the crypts, lymphoid tissue and slender columns of carcinoid cells. 
These cells are not situated in the lymphoid tissue but in the filaments of 
the periglandular and subglandular plexuses, which they fill incompletely. 
The regions “N” where the nerves are not completely infiltrated show 
(i) that the collagenous sheath aroimd the carcinoid column is none other 
than the sheath of the invaded nerve; and (2) that the nerve segments 
visible between two infested regions have undergone no degeneration. The 
continuity of the nerves, then, has not been broken by the invading cells. 

Fig. 2. Obs. 3 (123 m). Middle region of the submucosa. The appendicular 
mucosa is on the right and above, the peritoneum on the left and below. 

The anastomosing muscle bimdles (dark gray) correspond to the cells of 
the muscular mechanism of the submucosa, locally hypertrophied. In the 
intervals, there is fibrous tissue (pale gray). The black spots represent 
carcinoid columns penetrating Meissner’s plexus. None of them lies directly 
in the connective tissue. The muscle hyperplasia is limited strictly to the 
zone of infiltration of the nerves. 
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nerves, excites them and causes hypertrophy of the corresponding 
musdes. 

This leads us back to a hypothesis formerly proposed by Ciacdo ^ 
of the role of the normal enterochromaffin cells. He believed that 
these cells secrete into the intestinal lumen a substance which, re- 
absorbed by the mucosa, played a part in the contraction of the in- 
testinal musde. What we have learned of the neurotropism of these 
cells enables us to modify this hypothesis somewhat. May we not 
suppose that their secretion, eliminated into the nerves of the mu- 
cosa (its limited diffusion is demonstrated by the localization of the 
carcinoid myomatoses), acts almost exdusively on the nerves of the 
mucosa and on the musdes of the muscularis mucosae? 

Summary and Conclusions 

1. Originating in the nerves of the mucosa, previously hyper- 
trophied, cardnoids penetrate the myenteric plexuses progressively 
without destroying them and without provoking their hyperplasia. 
They merit the name of neurocarcinoid. Invasion of the connective 
tissue and of the lymphatics is secondary. 

2. Connective tissue infiltrated by cardnoids does not originate 
musde fibers. On the contrary, when the nerves are invaded by 
carcinoids, the corresponding musde coats undergo hyperplasia 
restricted to the territory of the infected nerve. The musde fibers 
formed in the interstices of carcinoids, then, are not an integral part 
of these tumors; they result from proliferation of preexisting musdes 
provoked by the presence of argentaffin cells in their nerves. 

3. This myogenic action of the argentaffin cells seems due to a 
product of limited diffusability secreted by the cells into the nerves 
(neurocrinia). 

4. As a working hypothesis, one may suppose that the normal 
argentaffin cells of the intestinal mucosa function like the cells of 
carcinoids, and that their secretion poured into the plexus of the 
mucosa plays a role in the functioning of the muscularis mucosae. 

I must again thank my friend, Dr. Laidlaw, for his translation of 
this paper for the Journal. 
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Plate 104 

Fig. 3. Obs. 3 (123 m). Middle region of the myoma developed at the expense 
of the circular muscle. 

The branches of the nerve plexus are injected by argentaffin cells, making 
them more prominent. The invasion does not involve the whole plexus but 
leaves free some of the branches “ N,” the slender ones. The cells, their con- 
tours indicated on the tracing by the dotted line, are ganglion cells of .A.uer- 
bach’s plexus. Despite the accumulation of argentaffin cells around them, 
these cells are perfectly intact. In the meshes of the plexus, there are many 
jmung muscle cells without definite orientation, probably arising from the 
circular fibers. On the right, lymphoid infiltration, the residue of recent 
inflammation. 

Fig. 4. Obs. 3 (123 m). Region adjoining Fig. 3. 

Node of Auerbach’s plexus invaded by argentaffin cells. Three slender 
nerve branches “n” detach themselves. This node has no ganglion cells. 

Observe the lack of orientation of the muscle fibers and the frequent 
presence of several nuclei in the same cytoplasmic spindle. The cells seem 
to multiply amitotically exclusively. 
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gawa, Danisch,^^ Forbus/^ and Hamperl.^® Hasegawa has shown, 
however, that the silver impregnation method has occasionally been 
irregular in tumors having the identical histological picture. One 
may say then that the silver impregnation method has shed much 
new light on these cells in their relationship to the cells in the crypts 
of Lieberkuhn, although opinions still differ concerning the true 
nature of these tumors. The question of origin and malignancy re- 
mains unsettled, though several instances of metastasis have already 
been reported. 

This report deals with a new case of carcinoid tumor of the small 
intestine with metastasis, observed at the Rochester General Hos- 
pital, which, it is hoped, may shed some hght on the pathology and 
clinical significance of these tumors. 

Report of Case 

Clinical History: A. F. F. (Hospital No. 50909), white, female, 74 years of 
age, admitted on April 15, 1929, had had frequent indigestion and anorexia 
over a long period. She had no trouble on the prescribed diet. In March, 1929, 
a constant pain developed in the back, and since that time the patient was con- 
fined to bed. She suffered from constipation. Physical examination was essen- 
tially negative. Some tenderness was noted, especially on the left side and in 
the epigastrium. The liver was palpable one finger’s breadth below the costal 
margin. Roentgenograms showed a dilated small bowel. The patient died on 
April 23, 1929. 

Clinical Diagnosis: Possible malignancy of gastro-intestinal tract, or head 
of pancreas. 

Postmortem Examination 

In the lower jejunum a tiunor measuring 15 by 13 by 12 mm. was 
found situated in the wall directly opposite the mesenteric inser- 
tion (Fig. i). The tumor bulged toward the Imnen of the jejunum 
producing an almost complete obstruction. Only the tip of the 
enterotome was admitted through the lumen. The jejunum was 
much dilated above, and coUapsed below, the tiunor mass. In gross 
sections the mucosa and intestinal muscular layers were found to be 
infiltrated by the neoplasm. In this area the width of the intestinal 
wall measured from 5 to 10 mm. The serous layer was drawn into 
a “V” shape by the tumor and the opposite serous surfaces were 
adherent. In the mesentery, adjoining this region, a hemorrhagic 
tumor the size of a hen’s egg was found. Hemorrhages were ob- 
served in the surrounding mesenteric fatty tissue, as well as in the 
peritoneum. The liver, corset-type in appearance, was slightly 
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{From the Laboratory of the Rochester General Hospital, Rochester, N . T.) 

Carcinoids are usually multiple tumors occurring in the small in- 
testine, appendix, and occasionally in the colon. Histologically 
they are formed of epithelial cells arranged in communicating 
strands, irregularly sized and embedded in stroma. Lubaxsch^ in 
x888 reported the first cases as primary carcinomas of the ileum. In 
1907 Oberndorfer^ applied the name “carcinoid” to these tumors. 
Although only about seventy cases comprise the total number of 
carcinoid of the small intestine, a considerable literature has dealt 
with their case reports, etiology, histopathology, physiology and 
ultimate prognosis. Before Masson’s silver impregnation method 
of staining, most investigations followed purely morphological lines. 
By the silver method Lubarsch was able to demonstrate a definite 
relationship between the nests and columns of tumor cells with those 
in the crypts of Lieberkiilm, thus suggesting the epithelial origin of 
these growths. At the same time he pointed out the distinct differ- 
ence between these cells and those of adenocarcinomatous tumors 
occurring in other parts of the gastro-intestinal tract. The opinion 
of Lubarsch was shared by Bunting, ® Burckhardt, ^ Verse, ® and 
Krompecher,® while Saltykow,^ Oberndorfer,^ and Toenniessen ® 
failed to demonstrate any evidence in support of the intestinal epi- 
thelial origin of these cells. Because of their structural similarity 
to the islands of Langerhans and their multiple occurrence, Saltykow 
held them to be derived from misplaced embryonic islands of Langer- 
hans. Obemdorfer, on the other hand, considered them embryonal 
malformations, while Toenniessen asserted that they were misplaced, 
heterotopic and spread-out intestinal epithelium. By means of the 
silver impregnation method Masson® found that besides being 
chromaffin in nature, as was pointed out by Obemdorfer, the cells 
of the carcinoid tumors reduced solutions of ammoniacal silver in 
the same manner as the so-called Nicholas-Kulchitzky-Schmidt cells 
of the intestinal epithelium. Hence he called the carcinoids “ar- 
gentaffin cell tumors.” His contention has been confirmed by Hase- 

* Received for publication Jlay g, 1930. 
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kiilin (Figs. 2 and 3). Again, these tumor cells showed a tendency 
to form branches interconnecting the many tumor masses and all 
traceable to the same gland of Lieberktihn. Fig. 4 demonstrates 
how sometimes these tumor cells would fill the intravillous spaces, 
thus coming in direct contact with the intestinal lumen. Frequently 
the tumor cells would penetrate into the submucosa, fo rmin g in this 
layer much larger masses, covered toward the periphery by unal- 
tered mucosa in which no tumor cells were found. Two hundred 
serial sections, each about 5 microns in thickness, prepared from 
the edge of the tumor, failed consistently to show any tmnor cells 
in the mucosa. The circular and longitudinal layers of muscular 
fibers, however, as well as the serosa, were well infiltrated by the 
tumor cells, which assumed the shape of thin bundles in the muscu- 
lar layers, and nodular forms as large as 4 to 5 mm. in diameter, 
in the serosa. 

The stroma of the tumor was made up of loose connective tissue, 
hyalinized in many areas. Smooth muscle cells could be found in 
the vicinity of blood vessels. Moderate infiltration of round cells 
was present in the upper half and in the ulcerated parts of overlying 
mucosa. Few blood vessels occurred within the tumor, but toward 
the periphery they became more numerous and more dilated. 
Tumor cells were found within the blood vessel lumina (Fig. 5). 

Sections made from the metastatic nodule in the mesentery 
showed a large central necrotic area. This was surrounded by fibro- 
sis and blood vessels, while toward the periphery a wide layer of 
tumor cell masses was embedded in a stroma of hyaline connective 
tissue. In this area nrunerous blood-filled sinuses occurred (Fig. 6). 
The sinus walls had no endothelivrai and seemed formed entirely 
of tumor cells. In this area also, the blood vessels were invaded by 
masses of tumor cells. 

The lymph node in the neighborhood of the mesenteric tumor 
nodule showed masses of metastatic tmnor cells. Especially toward 
the periphery, the dilated blood and lymph vessels were filled with 
tmnor cells (Fig. 7). These vessels retained their endothelial lining. 

Sections of a cherry-sized metastatic tumor nodule in the liver 
showed central necrosis, while at the periphery were found numerous 
large and freely anastomosing masses of tumor cells (Figs. 8 and 
9). The blood vessels, which occurred mostly at the periphery, con- 
tained masses of tumor cells. 
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atrophied. On its surface a few grayish white, firm foci were noted 
which measured 6 to 8 mm. in diameter. These foci corresponded 
in situation to the metastatic tumors immediately below the liver 
capsule. On section a few smaller nodules of metastatic tumors 
were found deeply embedded in the liver. About 15 cm. below the 
above described jejunal tumor was a smaller tumor, measuring 3 by 
4 by 4 mm., and 10 cm. below this mass another tumor 2.5 by 2 
by 2 mm. in size was found in the submucosa opposite the insertion 
of the mesentery. 

The autopsy revealed further a generalized arteriosclerosis with 
arteriosclerotic kidneys, brown atrophy of the heart, and slight pul- 
monary edema. The cause of death was given as carcinoma of the 
small intestine, with intestinal obstruction. 

Histological Examination 

Large Tumor Nodule: Numerous serial sections, 5 or 6 microns 
thick, were prepared from several blocks. A considerably thickened 
mucosa surrounded the tumor. Centrally, the tumor contained an 
ulcerated area 2 by 3 mm. in diameter, which extended to the 
muscularis mucosae layer. The peripheral portion of mucosa over- 
lying the tumor appeared normal or slightly compressed. The 
papillae of the mucosa were distinctly seen in the peripheral portion 
as well as in the central parts, although centrally they seemed com- 
pressed, flattened, and not clear-cut, indicating superficial necro- 
biosis. Approximately one-third of the surface area of the mucosa 
covering the tumor showed definite thickening, which corresponded 
to the middle third of the tumor mass. Sections from this area re- 
vealed glands of Lieberkiihn in the superficial layers of the mucosa. 
The mucosa below these glands was occupied by a great number of 
tumor cell nests. In general, the glands failed to show signs of com- 
pression, although a few such compressed glands did occur. Wher- 
ever the columns of tumor cells were scarce, the glands of Lieberkiihn 
occurred with regularity in the deeper parts of the mucosa. Certain 
changes were noted in the glands of Lieberkuhn not usually observed 
in normal glands, and the cells, instead of occurring in one row, were 
irregularly arranged. Among these were found many smaller cells 
possessing each a darkly stained nucleus. These cells preponderated 
in the basal portions of the glands and seemed characteristically 
identical with the tumor cells occurring outside the glands of Lieber- 
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curred in the submucosa where it occupied a much wider area than 
in the mucosa. The muscular fibers likewise showed infiltration by 
masses of tumor cells, presenting the same features as already de- 
scribed in the first tumor, although hyalinization of the stroma 
was not marked. 

The small tumor of the jejunum, which measured 2.5 by 2 by 
2 mm., presented a much thickened mucosa, corresponding to that 
of the tip. Immediately adjoining the tumor, the mucosa was some- 
what thinned out, but further on it resumed its normal appearance. 
In the thick portion many columns and masses of tumor cells ap- 
peared. The course of the tumor columns seemed perpendicular and 
running in the same direction as the crypts of Lieberkiihn, which 
were cut lengthwise. Cross-sections of the glands of Lieberkiihn, 
which appeared in several places in this area, did not indicate any 
pressure. These glands occasionally occurred in direct contact with 
the tumor cells which had broken through the muscularis mucosae 
layer (Fig. 12). Fortunately, a section was made directly into a 
gland of Lieberkiihn which emptied into the intestinal lumen; in 
its lower half it showed an immediate contact of the tumor cells 
with the apparently normal cells of the crypt (Figs. 10 and ii). In 
the few sections which followed, only a cross-cut of the gland was 
obtained, but in these sections the original column of tumor cells 
was found to have broken through the muscularis mucosae layer 
into the submucosa. 

In several similarly prepared pictures, a direct contact was found 
to exist between the tmnor cells and the glands of Lieberkiihn. The 
bulk of the tumor rested in the submucosa, although a few cells had 
reached the muscularis mucosae layer. No round cell infiltration 
was observed in the tumor stroma in the mucosa. Numerous capil- 
lary blood vessels were found in the submucosa. No apparent dif- 
ference could be detected in these cells from those occurring else- 
where. The silver impregnation method of staining was not car- 
ried out in the two smaller tumors because of their previous fixation 
in formalin. 

Discussion 

The jejunal tumors described obviously correspond with the 
small tumors first reported by Lubarsch and subsequently called 
carcinoids” by Oberndorfer. Their occurrence in an elderly in- 
dividual, their multiple nature, the sharp histological difference 
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The morphology of the encountered tumor cells agreed in the 
main with that described by numerous investigators, and in par- 
ticular with Masson’s excellently described studies. Thus the cells 
appeared round or polygonal, palisade, columnar or prismatic, all 
varieties of the same species according to Masson. Close to their 
origin in the glands of Lieberkiihn, the round cell type dominated. 
The palisade cells, inconstantly present, occurred in the irregular 
columns of tumor masses. The prismatic cells were found around 
small cavities which sometimes contained small amounts of homo- 
geneous material. The nuclei of the tumor cells varied between 
round, oval or spindle-shaped forms, all staining very deeply. 
Mitotic figures were not observed, although carefully sought for. 
Sections stained by the hematoxyhn-eosin method showed the 
cytoplasm of the tumor cells to be filled by minute acidophilic 
granules — chromaffin and argentaffin granules. The sections were 
stained by Masson’s and the blocks by Hasegawa’s silver impregna- 
tion methods. Positive results were obtained by both methods. 
The sections stained by Masson’s method showed the silver-reduced 
granules as dark brown in color and exceedingly fine. This method 
preserved the entire structure very well and produced excellent 
demonstrating material. 

The tumor cells in the metastatic nodules were identical with 
those found in the primary tumor and yielded positive results by 
the silver impregnation method. The tumor cells in the metastatic 
areas in the liver seemed slightly larger, the nuclei more uniformly 
round or vesicular, a condition perhaps explainable by a somewhat 
reduced pressure. Complete absence of mitotic figures was noted 
in these cells. 

Four hundred serial sections were prepared from the second and 
third tumor nodules found in the jejunum. Because of superficial 
necrobiosis, the second tumor was found unsuitable for etiological 
study. The overlying mucosa seemed thicker at the tip of the 
nodule, where columns of round or elongated tumor cells occurred. 
Longitudinal or cross strands of crj^ts of Lieberkiihn could be seen. 
Occasionally a column of tumor cells was located between the villi, 
thus coming into direct contact with the intestinal lumen. The 
overlying mucosa near the tip was thinned out, but further on re- 
gained its normal appearance. The muscularis mucosae was in- 
vaded by tumor cells in many places. The bulk of the tumor oc- 
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ever, because of the already mentioned disappearance of the lining 
cells. 

Mention has been made in literature that the mucosa seemed to 
be intact especially above smaller carcinoids. From the reports we 
are unable to ascertain whether or not serial sections were made of 
these small tumors. In our case, we were fortunate to demonstrate 
the retention of intestinal mucosa in the apices of the tumor masses. 
Sections made towards the periphery, however, revealed the pres- 
ence of tumor cells only in the submucosal and muscularis layers. 

By means of the silver impregnation methods suggested by Mas- 
son and Hasegawa, we feel that our findings further substantiate the 
hypothesis concerning the glands of Lieberkiihn origin of these 
argentafl&n tumor cells; the so-called Nicholas-Kulchitzky-Masson 
cells normally contain the argentaffin, silver-reducing granules. It 
seems, therefore, quite proper to call the carcinoids by the name 
“argentaffin cell tumors.” We believe, however, that the appella- 
tion “carcinoid” is more suitable in consideration of the tendency 
of these tumor cells to infiltrate and eventually to become malignant. 
Even the smallest nests of these cells possessed ability to infiltrate 
the muscular layers. On this basis our opinion is in complete agree- 
ment with those who hold that carcinoids should be classified as 
true carcinomas. Their proliferation is slow, but the formation of 
metastases is only a question of time. Metastases take place mainly 
through the blood stream, although occasionally dissemination may 
occur by means of the lymph vessels. We have already demon- 
strated the abundant presence of tumor cells along the walls of the 
dilated blood vessels and the gross hemorrhages which gave the 
characteristic hemorrhagic appearance to the large metastatic tumor 
found in the mesentery. Verse also reported metastases both 
through blood and lymph vessels, for in two cases he noted tumor 
cells in the mesenteric veins, and in both the blood and lymph 
vessels of a mesenteric lymph gland. Burckhardt also found small 
groups of tumor cells among the blood cells in a mesenteric vein. 

Metastasizing carcinoids of the small intestine have been de- 
scribed by Ransom,^'* Verse,® and Schopper.^® The case reported in 
this paper should be added to these already recognized metastatic 
carcinoids. 

Very little can be said about the actual etiology. Several investi- 
gators found chronic inflammatory processes in the intestinal tract 
associated with carcinoids. It is possible that a direct relationship 
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from adenocarcinomas, and their histological identity with known 
carcinoid tumors of the small intestine, confirm their identity as 
such. Of greatest interest to the histopathologist is the origin of 
these tumor cells, their infiltrating character, and their tendency 
to form carcinoid metastases. Because of the disagreement among 
investigators about the origin of carcinoid tumors, a special attempt 
was made to prepare a large series of sections in order better to 
trace their origin and their course of metastases. It is evident from 
Figs. 2 and 3 that the tumor cells accumulate at the tip of the glands 
of Lieberkiihn within the basal membrane. The tmnor cells are 
found immediately beneath the lining cells and in intimate contact 
with the Lieberkuhn glands. The serial sections reveal that the basal 
membrane is being pushed out by the tumor cells in a manner 
similar to the budding described by Masson in a case of appendical 
carcinoids. During the early stages of development, these budding 
forms do not appear to break through the basal membrane, and in 
some sections they fail to unite with columns of tumor cells. Other 
buds, however, have perforated the basal membrane and can be 
traced into the deeper layers. 

It is also observed that several columns of tumor cells originate 
in a Lieberkuhn gland and by the formation of ramifying columns 
the tumor steadily increases in size. It is probable that only a defi- 
nite number of glands of Lieberkuhn give rise to a tumor. This 
fact is suggested by the constant observation that columns of tumor 
cells occur only in the apex of the tumor nodule. The rough pyram- 
idal shape of the tumor nodules may be explained by the abundant 
ramification and proliferation of the cells into the deeper layers. In 
a number of glands the lumina are filled with tumor cells. It is 
evident that the course of tumor proliferation within the glands is 
toward the intestinal lumen, and hence the lining cells of the glands 
disappear. If only slight pressure is exerted from the side by the 
growing tumor mass, a direct opening into the intestinal lumen may 
be found. If, on the other hand, pressure is brought to bear from 
below and from the side, the viUi become compressed and their 
openings disappear. For this very reason it is essential to make 
serial sections in order to find convincing evidence in support of the 
origin of these tumor cells from the glands of Lieberkuhn. It is 
probable that some of the perpendicular columns of tumor cells 
found in the intestinal mucosa occupied the place of the glands of 
Lieberkuhn. No clear-cut proof of this contention is possible, how- 
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DESCRIPTION OF PLATES 
Plate 105 

Fig. I. Carcinoid tumor 15 by 13 by 12 mm. in size, which caused intestinal ob- 
struction and metastases in the mesentery and liver. 

Fig. 2. Lieberkiihn gland in cross-section from the large jejimal tumor. A few 
tumor cells lie beneath the lining cells of the gland. They form a definite 
group within the pushed-out limiting membrane. 

Fig. 3. The same gland as in Fig. 2 as it appears in the following serial section. 
The tumor cell group is somewhat larger. 

Fig. 4. Tumor cells filling the space between villi of a Lieberkiihn gland. 

Fig. 5. Large tumor cell group in a blood vessel of the carcinoid tumor of the 
jejimum, 15 by 13 by 12 mm. in size. 

Fig. 6. A section from the metastatic nodule in the mesentery. Numerous 
wide sinuses filled with blood and surroimded by tumor cells. 
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exists between chronic irritation and carcinoids, although we failed 
to demonstrate any round cell infiltration in the mucosa adjoining 
the smallest tumors in our case. The invasion of round cells into 
the mucosal part of the large tumor seemed secondarily to be due to 
ulceration. 

Saltykow beheves that carcinoid tmnors are of no clinical im- 
portance and are only accidentally discovered at autopsy. His con- 
clusion seems unwarranted, inasmuch as the seventh case reported 
by him presented a carcinoid tumor in the ileum, measuring 2.5 by 
2.5 by 1.5 cm., occurring 6 cm. above the ileocecal valve and caus- 
ing almost complete obstruction, with corresponding clinical symp- 
toms. Judging from the history of his case, this tumor was the actual 
cause of the patient’s death. In our case, the tumor, which meas- 
ured 15 by 13 by 12 mm., had probably caused intestinal disturbance 
for some time, until it finally brought about almost complete ob- 
struction. Roentgenograms had shown dilated loops of the small 
intestine, and at autopsy the carcinoid tumor was found in the posi- 
tion indicated by the films. It is certain that had the patient sought 
hospital care earher, resection of the involved part of the jejunum 
might have saved the patient’s life and prevented metastases. It 
appears, therefore, that carcinoid tumors may occasionally assume 
clinical significance. 

Summary 

1. A case of multiple carcinoid tumors of the jejunum, one of 
which caused intestinal obstruction, with metastases in the mesen- 
tery and fiver, is reported. 

2. Histological examination revealed the picture of typical car- 
dnoid tumors. Serial sections definitely indicate that at least two 
of the tumors originated in the crypts of Lieberkiihn. 

3. Positive silver impregnation of the tumor cells co nfir ms Mas- 
son’s contention that the origin of carcinoid tumors is in the Nicho- 
las-Kulchitzky-Masson cells in the glands of Lieberkiihn. 

4. Carcinoid tumors may assume clinical significance. 
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Fig. 7. Metastatic tumor cell groups in the lymph sinuses of a mesenteric 
lymph gland. 

Fig. 8. Section from a metastatic nodule in the liver. 

Fig. 9. The extreme peripher}'^ of a metastatic liver tumor nodule. 

Fig. 10. Section from the smallest carcinoid tumor of the jejunum. On the 
right side a Lieberkiihn gland is cut longitudinally and empties into the 
lumen of the intestine. A tumor bundle originates in the gland and fills 
out a part of the gland lumen. 
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Fig. II. Higher magnification of Fig. 9. The origin of the tumor cells from 
the Lieberkiihn gland is quite convincing. The tumor cells are in immedi- 
ate contact with the cells in the crypt and fill its lower portion. 

Fig. 12. Section from the smallest jejunal tumor. Above the mucosae muscu- 
laris two Lieberkiihn glands are cut across. On the left side, the Lieberkiihn 
gland gives rise to a column of tumor cells which breaks through the 
mucosae muscularis. Branching of the same column can be made out. 
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that expressed by Mallory and Parker who deny formation of reticu- 
lar fibrils by ordinary capillary endothelium, and assert that it is 
produced only by fibroblasts. The black impregnated fibrfis are said 
to be fibrils originating in fibroblasts taking a black impregnation 
reaction due to a fine dispersion of the fibrillar substance. 

Most of the other contributions deal with the occurrence of reticu- 
lum in various organs and tissues under normal and pathological 
conditions, without positive statement of its derivation. 

Without further reference at this time to the literature, the 
method we have employed, our findings and their interpretation will 
be set forth. 


The Methods Employed 

Kinney ^ (1928) briefly reported the observation, that, in tissues 
fixed in a solution of 4 per cent formaldehyde containing i per cent 
sodiiim sulphantimonate, a substance was impregnated which she 
considered to be reticxilum. This fixation was applied to tissues by 
the writer and a large variety of counterstaining methods applied. 
Results gave sufficient encouragement to pursue the subject further. 
Finally a silver ammonium carbonate solution was employed in tis- 
sues so fixed and a surprisingly sharp impregnation of reticulum was 
observed. Various refinements were devised. The following meth- 
ods of fixation, impregnation and counterstaining were adopted 
which yielded the most satisfactory sections. These methods were 
employed in this study. 

Fixation: Primary fixation in 4 per cent formaldehyde, prefer- 
ably neutral, or Kaiserling’s solution No. i is used. Following this, 
tissues are treated essentially as in the Kaiserling method of preser- 
vation for museum specimens. The tissues are washed in running 
water 24 hours, passed into 80 per cent alcohol for 24 hours, and then 
into Kaiserling’s solution No. 3 for 3 or more days. Satisfactory prep- 
arations may be obtained in sections that have been long preserved 
in formalin or in Kaiserling’s solution No. 3. Sections are taken from 
the Kaiserling solution and washed in running water for 12 to 24 
hours. After washing, sections cut properly for paraflon blocks, 2 to 
3 mm. in diameter, are mordanted or refixed in a freshly prepared 
0.5 per cent solution of sodium sulphantimonate made in a 4 per 
cent solution of neutral formaldehyde. This refixation is employed 
for 24 to 48 hours. After this mordanting, sections are again washed 



RETICULUM. ITS ORIGIN. THE OCCURRENCE OF RETICULUM 
FIBRILS IN CAPILLARY ENDOTHELIUM. A NEW METHOD OF 
DEMONSTRATION. II. THE FINER CAPILLARY BED* 

James F. Rinehast, M.D. 

{From the Department of Pathology, University of California Medical 
School, San Francisco, California) 


The present report is the first of a series of studies dealing with the 
derivation and differentiation of supportive substances from the 
mesenchyme as revealed by a new method of metallic impregnation 
described in detail below. Particular attention is devoted to the 
origin of reticulum and its occurrence in the mature organism. 
Other phases of mesenchymal differentiation are reserved for further 
study. In a preliminary way, fully realizing factors of incomplete- 
ness, a new concept of the finer capillary bed is presented. 

A considerable literature has accumulated upon the subject of 
reticulum since Mall ^ in 1891 announced his discovery that the 
framework of many organs and tissues of the mammalian body is 
composed neither of white fibrous connective tissue nor of yellow 
elastic tissue, but of a tlurd type of supporting substance composed 
of fine interlacing fibrils which not only differ from the white fibrous 
tissue in appearance, but are more resistant to acid and alkaline 
solvents, and are not so readily attacked by digestive ferments. 

The introduction of the Bielschowsky method of silver impregna- 
tion stimulated renewed interest in reticulum. No attempt will be 
made in the present paper to review the rather extensive literature 
upon this subject. Some idea of its unsettled status may be gained 
by citing the contrasting concepts of Corner ^ (1920), and Mallory 
and Parker® (1927). Corner described reticulum fibrils arising in 
and extending from the capillary endothelial cells of the corpus lu- 
teum, adrenal, hypophysis and kidney. This author is one of the 
few making the distinct assertion that capillary endothelial cells in 
the adult organism produce a fibrillar substance, and identifying this 
substance with reticulum because of its aflfinity for impregnation 
with silver by the Bielschowsky method. Opposed to this view is 
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Staining Results: Mesenchymal fibrils range from yellow and 
golden brown to black. Reticulum fibers black. Collagen fibers 
golden brown (transition colors seen). 


Method II. With Gold Toning 

1. Remove paraffin from sections and place in distilled water in 

usual manner. 

2. Impregnate with silver ammonium carbonate (freshly prepared 

each time and discarded) for 30 minutes in oven at 37° C. 

3. Wash sections in distilled water about 8 to 10 consecutive 

changes. 

4. Immediately pour on 4 per cent neutral formaldehyde, let stand 

for 5 minutes to reduce silver. 

5. Rinse well in distilled water. 

6. Tone in aqueous gold chloride solution i :25o (acid yellow gold 

chloride) for 5 minutes. 

7. Rinse well in distilled water. 

8. Pour 5 per cent oxalic add on sections for 5 to 8 minutes. 

9. Wash well in distilled water. 

10. Fix with 5 per cent aqueous solution sodium hyposulphite. 

Change the hyposulphite as many times as necessary until 
solution is dear. 

11. Rinse in distilled water and wash at tap 4 to 6 hours before 

counterstaining. 

S taming Results: Mesench)nnal fibrils, delicate rose red to black. 
Reticulum fibers, black. Collagen fibers, rose red. 

Counterstaining: Counterstaining by the May-Grunwald-Giemsa 
method has given the most satisfactory results. The method is 
essentially similar to that employed by Downey ^ in his studies of 
developing l3anph nodes. 

1. Place sections 15 minutes in dilute acetic acid (6 drops per 

100 cc.). 

2. Place sections 15 minutes in distilled water. 

3. Stain in equal parts of saturated methyl alcohol solution of 

May-Griinwald eosinate of methylene blue, and distilled 
water i to 2 minutes. 

4. Rinse sections in distilled water. 
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m running tap water for 24 hours, then passed into 80 per cent alco- 
hol, dehydrated in the usual manner by running through 95 per cent 
and absolute alcohol, cleared in xylol and embedded in paraffin. 
Sections are cut the desired thickness and impregnated in the follow- 
ing manner. 

Impregnation: Two methods of impregnation may be used, one 
involving gold toning, the other not. Both methods are detailed 
below. Either method gives satisfactory results. Toning transforms 
the golden brown reaction of collagen in silver sections into a rose 
red. 

The silver impregnation method is essentially that devised by 
Foot for paraffin sections and detailed in McClung’s “Microscopic 
Technique.” ® All preliminary treatment with sodium hyposulphite, 
potassium permanganate and oxalic acid, are, however, omitted. 
The gold toning employs a modification advised by Laidlaw ® in 
the use of oxalic acid after the gold chloride toning bath. 

Method I. Without Gold Toning 

1. Remove paraffin and place sections in water in usual manner. 

2. Impregnate with silver ammonium carbonate solution (pre- 

pared as described in footnote *) for 30 minutes in oven at 

37°C. 

3. Wash sections in distilled water — about 8 to 10 consecutive 

changes. 

4. Immediately pour on 4 per cent neutral formladehyde and let 

stand for 5 minutes. 

5. Rinse sections in distilled water several times. 

6. Fix in 5 per cent sodium hyposulphite 2 to 5 minutes. 

7. Wash at tap for 4 or more hours. 

* To Prepare Silver Ammoiimin Carbonate. 

1. Mix 12 cc. each of lo per cent solution of silver nitrate and a saturated solution 

of lithium carbonate. 

2. Wash precipitate s or 6 times with about 75 cc. of distilled water. 

3. Add about 50 cc. of distilled water to washed precipitate and dissolve precipitate 

by adding ammonium hydroxide drop by drop until solution is almost clear. 

(Do not add too much — leave a few granules undissolved.) About 12 to 15 

drops of ammonium hydroxide are needed. 

4 - Add distilled water to make solution of 83 to 100 cc. and filter. 

Note: Solution must be prepared fresh for each batch and should be discarded after 

use. The solution is unstable and if exposed to the combined action of light and alcohol, 

there is danger of formation of an explosive mixture. 
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been traced with comparative ease using the method described. This 
"will be the subject of a subsequent report. 

Differentiation of Fibrous Tissue in the Mesenchyme: The mor- 
phological details of the difierentiation of mesenchyme into fibrous 
tissue are so intimately associated with the problem in hand that an 
outline of this phase is deemed essential. As previously indicated, 
the delicate fiber substance of the simple mesenchyme shows shades 
ranging from yeUow to black in imtoned sections, and delicate rose 
to black in toned sections. With a condensation of fibrillar substance 
the color becomes more distinctly golden brown in simple silver pre- 
pared sections, and rich rose red if followed by gold toning (the 
color reactions of collagen). The transformation of simple mesen- 
chyme into fibrous tissue entails a realignment of cells and fibrillar 
substance with the alteration in impregnation reaction indicated. 
The differentiation undoubtedly follows definite mechanical prin- 
ciples. For example, a bronchus enlarging in the mesenchyme ac- 
quires at its periphery a collagenous reacting mesenchyme — that is 
fibrous tissue. The fibers assume a radial arrangement about the ex- 
panding structures, the nuclei elongate in the direction of the fibers, 
the fibers now become more closely grouped, and the impregnation 
reaction becomes the distinct golden brown of collagen. The same 
phenomenon has been observed in the developing cuspid valves, in 
the corium and in other places where permanent fibrous tissue is 
being laid down. Fig. i, a section of the skin and subcutaneous tis- 
sue of a 7.5 cm. pig embryo shows the transformation of the mesen- 
ch)mie into fibrous tissue in the position of the corium. The loose 
underlying tissue is the fibrillated undifferentiated mesenchyme. 
Fig. 2 shows the same in greater detail. 

The Development of Capillaries and Distal Lymphatics in the Mes- 
enchyme: While not the primary consideration of this report, ob- 
servations on the formation of distal lymphatics appear so clear-cut 
that brief attention will be given them at this time. Studied in the 
interlobular septae of the lung, these appear as simple clefts in the 
mesenchyme shown under low power magmfication in Fig. 3. In 
Fig. 4 a portion of the wall of a lymphatic is shown in greater detail. 
The lining cells show fibrillated processes anastomosing freely with 
those of the surrounding mesenchyme. The nuclei flatten, parallel- 
ing the lymphatic wall and the fibers coarsen shghtly by condensa- 
tion. 
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5. Giemsa stain diluted 1:15 for 15 minutes. 

6. Wash in distilled water. 

7. Differentiate in dilute acetic, 6 drops to 100 cc. for i to 2 

minutes. (This differentiation should be watched under the 
microscope.) 

8. Rinse in distilled water. 

9. Dehydrate rapidly in acetone. 

10. Clear in cedar oil, i minute. 

11. Xylol. 

12. Mount in thickened cedar oh. 

A simpler, yet satisfactory counterstain, is the routine hema- 
toxylin and eosin. 

The above described methods have in the writer’s hands given 
clean sections with dear differentiation. Connective tissue fiber 
substances induding reticulum are completely impregnated and a 
satisfactory polychrome counterstain secured. In addition to apply- 
ing the method to adult human tissues, both normal and patho- 
logical, the method has been employed in a small series of pig 
embryos of 7.5, ii and 22 cm. This has greatly helped in achieving 
an understanding of reticulum in the normal fully developed human 
organism. 

The Mesenchyme 

The mesenchyme consists of cells with round, oval or slightly 
irregular nudei usually surrounded by a small amount of faintly 
staining cytoplasm (the endoplasm) from which radiate delicate 
fibrils and fibers which are impregnated by the method employed. 
An exceptionally rich fibrillar mesh is formed, the fibrils of adjacent 
cells readily anastomosing with one another. These fibrils impreg- 
nated vith silver alone range from a yellowish or golden brown color 
to black, and in toned sections from a delicate rose red to black. At 
nodal points where the fibers cross, the depth of the tone is increased. 
Mall ® (1902) showed, that in the intestine, reticular fibrils develop 
in the cytoplasm of the mesenchymal syncytimn and later Hueck ® 
(1920) affirmed the same thing for mesenchyme in general. 

An abundance of mesenchyme at this stage of difierentiation is 
available for examination in the embryos studied. Phases of the dif- 
ferentiation of cartilage, fiber bone, skeletal and smooth muscle have 
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tion of the mesenchyme involved in capillary formation leaves this 
cell not only as one producing reticulum, but with tremendous possi- 
bilities of differentiation, a very simple one being into fibrous tissue. 

Evidence of the transformation of reticulin into collagen has been 
set forth by Rdssle and Yoshida (1909) in their studies of the reti- 
culum of lymph nodes in normal and pathological conditions. Rus- 
sakoff^'^ (igog) likewise found little distinction in the chemical 
nature of reticulin and collagen. Miller (1927) in studies of the 
reticulum in tuberculosis, although he did not assign a specific origin 
for reticulum, considered it a precollagenous type of connective 
tissue and observed this transformation in the healing process of 
tuberculosis. Foot,^® in his excellent critical review of the endothelial 
phagocyte, gives an extensive bibliography touching many phases of 
the problem in hand and cites other evidence, including his own, 
dealing with the transformation of reticulin into collagen. The 
writer too, has observed the apparent transformation of reticulum 
fibers into fibers staining as collagen, under a variety of circum- 
stances. Although a consideration of the role of reticulum in tuber- 
culosis, as revealed by the present method of staining, will be the 
subject of a future report, some of the most convincing evidence of 
this change has been observed in this disease. In Fig. 6 is shown a 
tubercle in the liver in a case of miliary tuberculosis. At the peri- 
phery of the tubercle, it may be seen that the reticulum fibers lining 
the liver sinusoids have become thickened; with this thickening 
the fibers take the golden brown color of collagen in silver prep- 
arations and the rose red in gold toned sections. Other evidences 
of transformation of reticulin into collagen have been observed in 
tuberculosis. 

Reticulum in the Liver, Spleen and Lymph Nodes 

The liver, spleen and lymph nodes form a special phase of the 
reticulum problem. Each has received considerable attention in the 
literature and the writer can only touch upon his findings. In the 
liver KupSer^® (1876) described the reticulum imder the name of 
Gitterfasern. In well prepared sections, the reticulum fibrils of the 
liver are striking objects. Deep brown to jet black fibers lie against 
the columns of liver cells forming the immediate lining of the si- 
nusoidal vascular channels. It is not uncommon to see fibers cross 
over from one side to the other. The fibers are frequently seen in 
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Intimately associated Avith the problem tmder consideration is the 
question of the derivation of capillaries. The weight of evidence 
favors the concept that capillaries are formed in situ as a direct 
differentiation of the mesenchyme. Among those favoring this 
point of view Pulford^® cites Reichert, Goethe, Felix, Riickert, 
Mollier, Maximow and Bonnet. In this country McClure, p^ea- 
gan and Stockard have contributed convincing evidence sup- 
porting the local origin of capillary endothelium. Hueck recently 
lends further support to this concept. The writer’s study of pig em- 
bryo sections has convinced him that capillary endothelium is 
formed in situ by a very simple modification of the mesenchyme. 
This transformation is probably the simplest differentiation involved 
in the mesenchyme. The delicate fibers of this tissue are slightly 
rearranged and come to encircle the tube-like deft in the mesen- 
chyme. The new formed capillary is only readily recognized by its 
content of red blood cells. The cells lining it resemble those of the 
undifferentiated mesenchyme, and as a matter of fact, delicate 
fibrils can be traced from the lining ceU into the undifferentiated 
mesenchyme. The cells lining the capillary possess the same delicate 
fibrillar processes as the mesenchyme. The fibrils stain darker, 
black or almost so. Reference to Fig. 4 and Fig. 2 will show this 
dearly. In Fig. 2 the small capillary in the mesench3rme underlying 
the corium shows distinctly the reticulum fibrils forming its wall. 
The nudei in the primitive capillary wall are morphologically iden- 
tical with those of the surrounding mesenchyme, and reticulum 
fibers extending from these nudei not only surround the vascular 
channel but anastomose with the fibers of the surrounding mesen- 
chymal cdls. A capillary with the same cytological details remains 
in the fibrous corimn above. Fig. 5 is a photomicrograph of sub- 
epithelial tissue showing an early phase in transformation of mes- 
enchyme into fibrous tissue, containing two capillaries in which the 
fibered lining cells are recognizable. 

In all capillary endothelium studied, both embryonic and adult, 
induding practically all organs and tissues, reticulum fibrils have 
been demonstrable, thus confirming and extending the findings of 
Corner. 

Demonstration of the delicate fibrils in mesenchyme serves to 
account for the reticulum fibrils in various tumors of mesenchymal 
origin as observed by Mallory and Parker. The very slight modifica- 
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or the ability of the writer to trace the capillary formation in all 
organs, but an outline of two general concepts, it is believed, will 
explain the principles of capillary formation. In tissue directly dif- 
ferentiated in the mesenchyme, as the heart and skeletal muscle, 
undifferentiated mesenchymal ceUs remain lying against the dif- 
ferentiated structures, and being applied to adjacent fibers, a poten- 
tial if not actual channel lined by fibrillated mesenchymal, now en- 
dothelial, cells exists. In epithelial structures such as the lung, 
thyroid and hypophysis, the epithelial cells grow into the mesen- 
chyme leaving mesenchymal cells applied against the epithelial cell 
colmnns or alveoli, forming the lining of the finer vascular spaces. 
As previously indicated. Corner has shown reticulmn fibrils in the 
capillary endothelium of the corpus luteum, adrenal, hypophysis, 
th3oroid and kidney. Except the corpus luteum, which has not been 
studied, the writer has been able to confirm these findings. Fig. 9 
shows an area of lesser reaction in the lung in a case of miliary tuber- 
culosis. Here may be seen cells with distinct black fibers forming the 
immediate lining of capillary vascular channels. Fig. 10 shows the 
continuity of reticulum fibers and endothelial cells in the medulla of 
the adrenal. The same findings hold for the cortical endothehmn 
shown in Fig. ii. 

Fig. 12 shows the black fiber lining of the capillary endothelium 
of the anterior lobe of the hypophysis. 

Fig. 13 shows the same for the thyroid. A single cell layer existing 
between the vascular channel and the epithelimn precludes the pos- 
sibility of this being a fibroblastic layer. The reticulum fibers are 
flattened down, due to the pressure of the contained colloid in the 
alveoh. 

Fig. 14 shows two small capillaries in the brain, one containing 
red cells, the other smaller and empty. Here in vessels a single cell 
layer in thickness, are clearly shown reticulum fibrils in the endo- 
theliinn. With complete impregnation of the fiber substance of the 
capillaries, combined with adequate counterstaining a more com- 
plete concept of the finer vascular channels has been achieved which 
is set forth below. 

The Finer Capillary Bed: Fig. 15 shows a congested area in the 
cortex of the kidney of a child. Examination of this figure, which is a 
faithful reproduction of an actual microscopic field, readily shows 
the following: (i) continuity of delicate black fibers (reticulum 
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intimate association with, and radiating from cell nuclei projecting 
into the lumen of the sinusoid, that are considered to be the Kupffer 
cells. Fig. 6 illustrating the transformation of reticulin into collagen 
about a tubercle also illustrates the general cytology of reticulum in 
the liver. 

From incomplete studies thus far made the writer feels that the 
pathology and pathological physiology of the spleen is to a large ex- 
tent bound up with the problem of the fiber substance of the spleen. 
In spleens that can be considered essentially normal, reticulmn 
fibrils are readily demonstrated in the capillary endothelium and in a 
portion of the intersinusoidal or so-called reticulum cells. Normally 
these are delicate fibrils and not over abundant. In Banti’s splen- 
omegaly the reticulum fibrils of the intersinusoidal cells are remark- 
ably increased in number, coarsened, and many fibers transformed 
into a collagen-reacting substance, giving a golden brown silver re- 
action, and a rose red in toned sections. Fig. 7 illustrates such a 
spleen. In lymph nodes, reticulum is again demonstrable in the 
capillary endothelium. Rbssle and Yoshida found so-called reticu- 
lum, stainable by the Bielschowsky-Maresch method, in the lymph 
sinuses, the lymphoid tissue and the capillaries. It was considered 
as a precollagenous substance and transitions into collagen were 
noted by them. They found no distinction between the resting 
reticulum cells and the so-caUed endothelium of the lymphoid 
sinuses. The writer’s findings are in accord with the above and 
with the carefxil studies of Downey who derived the reticulum cells 
supporting the pulp cords and nodules, as weU as the cells lining 
the lymphoid sinuses, directly from the mesenchyme, and demon- 
strated the capacity of both to produce reticulum fibrils. Fig. 8 
shows clearly reticulum fibers extending from the endothelial cells 
of the lymphoid sinuses. Morphologically similar cells form the 
supportive stroma of the lymph cords. In other areas reticulum 
fibers are seen in the capillary endothelium. 


Universal Occurrence of Reticulum Fibers in 
Capillary Endothelium 

As examination of the accompanying photomicrographs and 
drawings indicates, fiber substance, reticulum, is demonstrable in all 
capillary endothelium. It would be beyond the scope of this paper 
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lation is generally conceded for these organs, they were omitted 
from detailed consideration. A glance at the section of thyroid will 
confirm the same concept for its circuit. 

These preliminary studies indicate that the capillary bed is tre- 
mendously greater than generally conceived. The unopened bed is 
outlined by reticulum fibrils of endothelial cells. Such lines of com- 
munication probably ordinarily serve as channels for the convey- 
ance of non-corpuscular elements of the blood, and, it is believed, 
may open under effective stimulus into channels of sufficient size to 
carry corpuscles. The reticulum fibers are in intimate contact with 
the parenchymatous cells of the organ and are, in fact, identified with 
the basement membrane in the kidney, pancreas, adrenal and gastric 
mucosa. Corner identified these fibers with the basement membrane 
in the kidney. It will be seen, then, that the capillary circuit is of an 
absolute character. 

The concept is set forth as a morphological basis for the well 
known physiological capacity, as demonstrated by Krogh^^ and 
others, of the capillary bed to increase suddenly in extent. 

The capillary bed is conceived as one of an absolute character, i. e., 
one of the highest efficiency, touching the surface of all parenchyma- 
tous cells. A morphological background is given for the well known 
physiological capacity of the capillary bed alternately to open and 
rest and, under effective stimulus, to increase greatly in extent. 

Summary and Conclusions 

A new method of metallic impregnation is detailed which yields 
complete impregnation of mesenchymal, reticulum and collagen 
fibrils. An adequate polychrome counterstain may be superimposed 
upon the impregnated tissues. The mesench3anal cells possess a rich 
delicate fibrillar cytoplasm; the fibrils are readily impregnated by 
the method employed. Morphological support is given for the gen- 
erally accepted concept that capillaries are formed in situ by a direct 
differentiation of the mesenchyme. This differentiation of capillaries 
in the mesenchyme is of a very simple character. The capillary en- 
dothelial ceU remains in the embryo as a fiber-producing cell and this 
property and capacity persists into the mature organism. Both 
reticulin and coUagen are fiber products derived from a common 
fibrillar mother substance and are undoubtedly chemically similar. 
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fibers) with the endothelial cells in a perfectly simple one cell layer; 
(2) the identity of the basement membrane with the above described 
fibers; and (3) in oval, round or angular spaces are red blood cells, 
i. e., capillaries as seen in ordinary sections; further (4) there are dis- 
tinct lines of continuity clearly marked out by reticulum fibrils con- 
necting the capillaries seen, i. e., intercapillary channels potential 
and actual. It is the writer’s concept that such channels serve nor- 
mally as finer nutritive spaces and may, under stress of circum- 
stances, open into spaces capable of carrying blood corpuscles. In 
other portions of the same slide, single red cells may be seen l3dng 
flattened in narrow clefts in the intercapillary reticulum lines. Fig. 
16 shows two such clefts in an intertubular reticulum line, each of 
which contains red blood cells. 

The same concept is also well illustrated in a study of the pancreas 
in Fig. 17. Here again continuity of reticulum fibrils and endothelial 
cells is seen; reticulum fibrils form the immediate lining of the capil- 
lary wall and, intercapillary reticulum-lined spaces are readily de- 
monstrable. The identity of the reticulum fibrils and the basement 
membrane is again shown. The capillaries of the islets of Langerhans 
(not illustrated) also show a fibered cytoplasm and in favorable 
sections surface views may be seen. Here, focusing high at the sur- 
face of the capillary, very delicate slightly undulating black fibrils 
paralleling the longitudinal axis of the vessels are seen. At the 
lateral borders they are viewed several layers thick and show as 
darker lines. 

The gastric mucosa (Fig. 18) illustrates the same principles out- 
lined for the kidney and pancreas. 

It is in connection with study of the heart muscle that the most 
striking support of the concept of finer capillary radicles is achieved. 
Fig. 19 shows an area of heart muscle in tangential section. Here a 
number of reticulum-lined capillaries with contained red blood cells 
are shovm in cross-section and the reticulum-lined, intercommunicat- 
ing spaces readily seen. Continuity of reticulum fibrils and the capil- 
lary lining cells is demonstrated. Selecting an edematous and 
congested heart muscle, Fig. 20, we see many of the potential spaces 
opened, in fact a veritable reticulum mesh containing red blood cells 
at various points. The photograph lacks sufficient detail to show 
these clearly. The same principles apply to the circulation in the 
adrenal and hj^ophysis, but inasmuch as a sinusoidal tj^e of drcu- 
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Reticulum fibers are demonstrated in capillaries in a wide variety 
of tissues, sufficiently wide to justify the concept that they are of 
universal occurrence in the capillary endothelium. Otherwise stated, 
reticulum may be identified as the fiber product of capillary en- 
dothelium. Similar fiber substance is present in the endothelial and 
reticulum cells of the lymph nodes. These cells, as the capillary en- 
dothelial cells, are little difi'erentiated, direct descendants of the 
mesenchyme. Reticulum fibers are also present in the intersinusoidal 
or so-called reticulum cells of the splenic pulp and line the sinusoids 
of the liver. Reticulum fibers are a little changed descendant of the 
mesenchymal fibers. 

Brief evidence is presented favoring the ability of reticulin to be 
transformed into collagen. 

Reticulum is the most widespread and important supportive sub- 
stance in the body. It is the scaffolding of cells and cell units. It 
serves the double purpose of microscopic cell support and the lining 
of capillary vascular channels. 

By identifying reticulum with the capillary endothelimn and ob- 
taining sufficiently dear sections, the finer structure of the capillary 
bed is revealed. Reticulum fibers form the immediate lining of 
capillaries and minute reticulxun-lined spaces are shown extending 
between and connecting the small capillaries as seen in ordinary 
sections. Such channds are considered to serve normally for the 
transfer of elements contained in the plasma of the blood and to be 
capable of enlarging or “opening up” under effective stimulus to a 
caliber suffident to convey corpuscular elements. The endothelial 
reticulum is identified with the basement membrane in the kidney, 
pancreas, adrenal and gastric mucosa; this probably applies to base- 
ment membranes in general. 

The author wishes to thank Dr. G. Y. Rush and Dr. C. L. Connor 
for stimulation and assistance received in the conduct of this study. 
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Plate io8 

Fig. I. Section of skin and subcutaneous tissue, 7.5 cm. pig embryo. Beneath 
the epidermis the mesenchjune is undergoing a transformation into fibrous 
tissue. The fibers have become rearranged longitudinally and now take the 
golden brown tone of collagen. The undifferentiated mesenchymal mesh is 
seen in the lower portion of the section. Stain: Method I. x 80. 

Fig. 2. Detail drawing taken from same slide as Fig. 1, showing the rearrange- 
ment of fibers in formation of the corium. The coarser longitudinal fibers 
take the rich golden brown tone of collagen. At the lower portion of the 
section is the looser fibrillar mesh of the mesenchyme. The wall of the 
small capillary in the mesenchyme is seen to be composed of cells, morpho- 
logically identical with those of the mesenchyme, the fibers of which not 
only form the wall of the capillary but anastomose freely with those of the 
surroimding mesenchyme. The fibers stain somewhat darker than those of 
the surrounding mesenchyme. If this capillary had “invaded” the mes- 
enchyme it would have rearranged the fibers about it and certainly would 
not show delicate fibrils extending from its wall into the surroimding mesh. 

Fig. 3. Section of the lung, 11 cm. pig embryo. Lymphatic spaces appear as 
simple clefts in the mesenchyme in the interlobular septae. Stain: Method 
I. (See Fig. 4 for detail.) x 80. 
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Fig. 4. Drawing from interlobular septum of ii cm. pig embryo showing de- 
velopment of a small blood vessel in the mesenchyme. The anastomoses of 
the fibers forming the wall and of the intervening mesenchyme is clearly 
shown. The vessel is destined to be one of larger than capillary caliber. 
The arc at the right is a portion of the wall of a lymphatic cleft in the 
mesenchjTOe. Stain: Method I. 

Fig. 5. Photomicrograph of two small capillaries in the corium in which the 
mesenchyme is being transformed into fibrous tissue. The fibers are as- 
suming parallel arrangement and becoming coarser, and taking the deeper 
golden brown reaction of collagen. The fibers lining the two small capil- 
laries are blacker than those of the surrounding mesenchyme. Stain: 
Method I. X 520. 

Fig. 6. Group of tubercles in the liver from a case of miliary tuberculosis. The 
general architecture of the reticulum lining the sinusoids is shown. At the 
periphery of the tubercles the sinusoidal reticulum is seen to be coarsened. 
In the original sections the color contrast is striking; the coarsened reticu- 
lum takes the golden tone of collagen, the reticulum away from the tubercles 
stains black. The coarsening of the reticulum is well shown in the sinusoids 
intervening between the tubercle at the right of the photograph and the 
group in the center. Stain: Method I. x 80. 
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Fig. 7 . Section of spleen in case of Band’s disease. A marked coarsening of the 
reticulum is seen. The coarse black areas shown in the photograph give 
the golden brown reaction of collagen. Those less coarse maintain the black 
reaction of reticulum. Stain: Method I. x 150. 

Fig. 8. Section of essential!}’’ normal lymph node showing reticulum fibers 
continuous with the cells, lining and extending into the lymphoid sinus. 
jSIorphologically similar cells form the supportive stroma of the lymph 
cords. Other areas show reticulum fibers in the capillary endothelium. 
Stain: Method II. x 520. 

Fig. q. Section of lung in an area of lesser reaction in a case of miliary tuber- 
culosis. Reticulum fibers extending from cell nuclei and forming the imme- 
diate lining of two capillaries is well shown. One runs horizontally at the 
top of the photograph. The other in the upper right hand corner is cut 
transversely. Proliferating large mononuclear cells without fibers are seen 
attached to the capillary wall and free in the alveolar space. Stain: IMethod 
II. X 520. 

Fig. 10. The drawing taken from the medulla of the adrenal clearly shows the 
continuity of reticulum fibers with the endothelial cells lining the capillaries 
and extending as the basement membrane of the medullary cells. This 
figure also illustrates the concept of the closed capillary bed described in 
detail in the kidney, pancreas and heart muscle. A triangular cleft out- 
lined by reticulum containing a single red blood cell is seen near the center 
of the field. At the upper left angle this cleft is closed but the reticulum 
fibers continue as the basement membrane. 
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Fig. II. Photomicrograph of the adrenal cortex showing continuity of reti- 
culum fibrils and endothelial cells lining the capillaries. Stain: Method I. 
X 780. 

Fig. 12. Section of anterior lobe of the hypophysis showing the dense reti- 
culum fibers lining the capillary spaces. Stain; Method I. x 520. 

Fig. 13. Thyroid gland showing reticulum fibers lining open and closed capil- 
lary channels. A single cell layer existing between the vascular channel and 
the epithelium precludes the possibility of the reticulum being a fibroblastic 
layer. Reticulum fibers outline the open and potential capillary channels. 
Stain: Method I. x 520. 

Fig. 14. Showing two small capillaries in the brain, one containing red cells, the 
other empty. Here in vessels, a single cell layer in thickness, are clearly 
shown reticulum fibrils forming the immediate vascular lining. 
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Fig. 15. This drawing is taken from the kidney of a child. Here the following 
is shown: (i) continuity of delicate black fibers (reticulum fibers) with the 
endothelial cells in a perfectly simple one cell layer; (2) the identity of the 
basement membrane with the above described fibers; (3) oval, round and 
angular spaces, lined by reticulum fibers, containing red blood cells, capil- 
laries as ordinariljr seen, and, (4) connecting such spaces are fibers directly 
continuous with the capillary wall, forming lines of intercommunication 
between capillaries. 

Fig. 16. Photomicrograph of the kidney illustrated in Fig. 20, showing two 
clefts in the reticulum “line” between two tubules. Red blood cells lie in 
each of these clefts. Stain: Method II. x 520. 
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Fig. 17. Drawing from pancreas of child, showing reticulum-lined capillary 
spaces containing red blood cells. The identity of the reticulum and the 
basement membrane is seen. Most of the capillary spaces in this field show 
only the reticulum lining, without the cells of origin. Endothelial nuclei with 
reticulum fibers in continuity are seen, lying between adjacent pancreatic 
acini, conceived as the lining of empty, collapsed capillary spaces. Potential 
but closed spaces are seen extending between demonstrable capillaries. 
Such fine channels are considered to serve for finer nutritive interchanges, 
and to be capable of carrying corpuscular elements of the blood under effec- 
tive stimulus. Stain: Method 11 . 

Fig. 18. Section of gastric mucosa, clearly showing reticulum fibers in the 
capillary endothelium and the identit}'^ of the latter with the basement 
membrane. 

Fig. 19. Heart muscle in tangential section, showing continuity of reticulum 
fibrils with endothelial cells lining capillary spaces, and the continuation of 
these fibrils between capillaries forming minute passages for transfer of the 
blood plasma and conceived to be capable of “opening up” under effective 
stimulus for the conveyance of the corpuscular elements of the blood. Just 
above the center of the figure a single red blood cell is seen in a reticulum- 
lined endothelial cleft. 

Fig. 20. Photomicrograph of a congested and edematous heart muscle, showing 
the reticulum-lined vascular spaces opened up. Although not showing 
clearly in the photograph, red blood cells are present at various points in the 
reticulum-lined capillary bed. 
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Hofl 3 ieinz,® however, a year later expressed the opinion that the 
best results were obtained by the old method of quick fixation in hot 
formalin. He found that the dextrin solution caused sticky prep- 
arations which tended to form folds, and preferred the hematoxylin 
and eosin stain because it gave better color contrasts. Moreover, 
there was better preservation of the relationship of the various tissue 
structures. He concluded that the old method was a more depend- 
able means of diagnosis, especially in obscure cases, justifying the 
five to ten minutes necessaiy for preparation. 

Dudgeon and Patrick,^ also in 1927, reported what they describe 
as a “wet-film method.” The freshly-cut surface of the tissue is 
scraped and the juice thus obtained is spread on a slide and placed in 
Schaudinn’s fluid for filiation. The films are then stained with 
haemalum and eosin. They allow eight to ten minutes for the com- 
plete process. In a series of 200 specimens they report successful 
results as compared with the control examination of sections pre- 
pared in paraffin by the usual technique. 

MacCarty for years has used frozen sections of fresh unfixed tis- 
sue, stained with Terry’s modification of Uima’s polychrome methy- 
lene blue. In 1928 ® he empha^zed the importance of the cytolog- 
ical study of fresh unfixed material, and in a' recent paper ® states 
that the diagnosis of a malignant condition may be made from a 
single cell. 

Taft and Ludlum ‘ in a preliminary report have lately described a 
method for staining imfixed brain tissue with silver. The tissue is 
placed in argyrol, later washed in distilled water, and a film finally 
prepared. 

In any method of quick diagnosis, the rapidity depends upon 
familiarity with a given procedure, the experience of the observer 
and the nature of the tissue. The morphological diagnosis of a 
tumor is occasionally very difficult whatever the method of prepara- 
tion, and long and exhaustive study may be necessary before the 
final classification of the growth is possible. 

Technique: The method, as stated, is that described in detail by 
Sabin ® in her studies of living human blood cells. Its application to 
the more solid tissue of intracranial tumors is quite simple. 

As soon as the tumor is exposed at operation, a fragment of it is 
routinely submitted for immediate examination. A minute portion 
is separated with dissecting instruments and placed on a glass sUde. 



DIAGNOSIS OF INTRACRANIAL TUMORS BY 
SUPRAVITAL TECHNIQUE* 

Louise Eisenhardt, M. D. and Harvey Cushing, M. D. 

{From the Surgical Clinic, Peter Bent Brigham Hospital, Boston, Mass.) 

With increasing satisfaction and confidence we have come to rely 
upon the supravital technique, devised by Sabin for the examination 
of the blood, as our most favored method for the making of patho- 
logical diagnoses of intracranial tumors. In this procedure the tissue 
is neither fixed nor frozen, but is simply prepared as a fresh smear of 
the living cells, and with experience immediate diagnoses can be 
secured which are often more dependable than those based on the 
study of stained tissue sections. 

Our attention was first drawn to the possibilities of this method 
by Dr. Lawrence Kubie, who three years ago spent several weeks in 
the neurosurgical laboratory studying the cytological elements, 
more particularly the clasmatocytes, in the surgical specimens that 
happened to be supplied at that time. We have since then come to 
familiarize ourselves with the appearance of the tumors studied in 
this way and find that specimens, which have been prepared by the 
time-consuming methods in common use, fail in many instances to 
give the information we desire for purposes of classification. The 
method is of particular value in the differentiation of the gliomas into 
their various types, and believing that others will be interested in 
the subject, we propose to give a brief account of our experience 
with it. 

Various methods for rapid microscopic diagnosis, particularly of 
malignant tumors elsewhere in the body, have been reported. Most 
of these, however, describe some process of fixation and the prepara- 
tion of frozen sections. Helhvig^ in 1926 advocated Wilson’s 
method 2 of fixation in dextrin solution and staining of the sections 
with Unna’s polychrome methylene blue, a procedure requiring 
about three minutes. They discovered that with the dextrin solu- 
tion there was less shrinking and tearing of tissues than when for- 
malin is used, and stated that individual cells were thereby more 
distinctly shown. 


* Received for publication June 9, 1930. 
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the central nervous system by this technique,® preparations of solid 
tissue tend to be uneven. Some areas are too dense, and others too 
thin. But there are many fields in which the relations of the dif- 
ferent structures are well preserved, and in the thinner portions in- 
dividual cells which have become separated may be studied in 
minute detail. 

In every case for comparison a portion of the same tissue is fixed 
to be subsequently sectioned and stained by the usual methods. 

Advantages: Possibly the greatest value of the method herem 
presented lies in the opportunity it affords for the study of cells 
which have not undergone changes due to fixation or cutting, but 
which are seen under the microscope in their entirety while they are 
still living. The usual shrinkage and distortion of the tissues is thus 
avoided. Under high magnification (oil immersion) single cells, such 
as astrocytes and oligodendroglia, may be beautifully defined with 
all their delicate processes which are rarely to be seen intact in fixed 
histological sections. After fixation the cytoplasm is oftentimes de- 
stroyed, or in other instances it is demonstrated only by the use of 
special stains. An illustration of this is given in the photomicro- 
graphs of a recent oligodendroglioma {cj. Figs. 9 and 10) in which 
it may be seen how distinctly the cytoplasm of each cell is outlined 
in the fresh smear, while in the fixed preparations it has become 
changed beyond recognition. 

Mitotic figures, too, may be identified in various phases in the 
supravital preparations of some of these tumors. 

Not only are individual cells clearly shown, but, as has been 
pointed out, the relationship of the various structures in the tmnor 
as a whole is well preserved, such as the formation of whorls and 
masses of cells in a meningioma, or the radiation of the cells of an 
ependymoma about a vessel and its branches, or the palisade ar- 
rangement of cells so characteristic of an acoustic neurinoma. 

In invasive t3q)es of brain tumors myelin sheaths are often identi- 
fied as curious irregular strands with bulbous enlargements and 
terminations sharply outlined by what appear as two closely parallel 
lines which are extremely refractive {cj. Fig. 6). 

Collagen, too, has a distinctive appearance because of the refrac- 
tive quality of its bands of wavy fibers. 

Of particular interest are the histiocytes, which are frequently as- 
sociated with such tumors as the rapidly growing gliomas, men- 



DIAGNOSIS OF INTRACRANIAL TUMORS 543 

The slide may be previously prepared with an even film of neutral 
red dye, or a mixture of neutral red and Janus green, the exact di- 
rections for which are given by Sabin. We have found that satis- 
factory results are obtained when a clean slide is used and a drop of 
aqueous solution of neutral red dye (i : 10,000 or more) added di- 
rectly to the tissue. 

A cover glass is immediately placed over the tissue, which is care- 
fully spread by gentle pressure on the cover glass, the rubber end 
of a pencil being convenient for the purpose. One learns by ex- 
perience how much pressure to apply in making the smear. Some 
tumors are so soft that they spread almost like fluid, and anything 
more than the lightest touch damages the cells. Other tissues are 
very firm, fibrous or even gritty with calcium, requiring greater ef- 
fort in flattening them out for a satisfactory film. 

The preparation is sealed at once with a mixture of vaseline and 
paraffin around the edge of the cover glass, and is then examined 
microscopically in a warm box. 

The actual preparation of the smear takes less than a minute. 

There are one or two precautions which may be particularly com- 
mented upon at this point. If too strong a solution of the dye is 
used, the nuclei will be stained diffusely — a sign that the cells have 
been injured. The edges of the preparations are usually overstained 
in this manner. While overstaining does not necessarily so obscure a 
microscopic picture as to make a diagnosis uncertain, it must be 
avoided if one is interested in studying the cytological elements of 
these tumors. 

Furthermore, the importance of making the preparations as soon 
as possible after the tissue has been removed should be emphasized 
whether or not an immediate microscopic report is imperative. A 
diagnosis may be made in most cases even though the smears are 
prepared an hour or several hours later, provided that the tissue has 
not been allowed to dry. However, there is no question but that the 
cells undergo changes on long standing, especially if the tmnor is of 
a soft consistency. They become swollen and vacuolated, the cyto- 
plasm markedly granulated, and the nuclei show degenerative 
changes. When extreme vacuolization occurs, one vacuole may fill 
the whole cell. In some areas cytoplasmic boundaries become un- 
recogmzable, so that there is only disintegrated material to be seen. 

As Kubie has pointed out in a study of the perivascular tissues of 



546 


EISENHAKDT AND CUSHING 


knowledge of the cytological characteristics of a tumor is therefore 
of great value in teaching him to associate the histological picture 
with the gross appearance of the lesion. Furthermore it gives him 
an immediate indication of the prognosis so that he may modify his 
measures accordingly and determine what particular operative pro- 
cedure to pursue and how radical or otherwise an extirpation of the 
lesion is desirable. Moreover if the growth is of a type benefited by 
roentgen-ray therapy, the latter may be instituted without delay. 

This of course is less important with the tumors whose gross char- 
acteristics are better known, such as the acoustic neurinomas and 
the meningiomas, but even here operative difficulties of diagnosis 
may be encountered, a tumor, which was adherent to the dura 
proving histologically to be a carcinoma, whereas it was assumed to 
be a meningioma during the course of the operation. 

Description of Tumors: A certain familiarity with the appearance 
of the different intracranial tumors in supravital preparations as 
contrasted with fixed preparations must be acquired before the 
various types of lesions can be distinguished with accuracy. A de- 
scription of the microscopic appearance of the more common tumors 
when examined by supravital technique will therefore be given. 

Gliomas: The gliomas represent over forty per cent of all in- 
tracranial tumors. The immediate differential diagnosis of the 
various types, as has been said, is important in indicating the prog- 
nosis and in determining the method of operative procedure. The 
three largest groups in the classified series are the astrocytomas, the 
glioblastomas, and the medulloblastomas, and they may accordingly 
be considered in the order of their frequency as follows. 

Astrocytoma Fibrillare: When the tissue is quite tough and un- 
yielding, and indeed it may contain calcium, the usual picture under 
the microscope is of a very dense network of neuroglial fibrillae which 
are rarely stained but appear as closely crisscrossing refractive proc- 
esses, among which there are scattered nuclei. It is usually in the 
less dense areas along the margins of the preparation that the cyto- 
plasm of the cells is most distinctly seen, and here one may find un- 
mistakable astrocytes with their long processes extending in star- 
like fashion from the cell body, one of which not infrequently may be 
traced to a neighboring vessel. 

Occasionally these tumors are soft in composition, the tissue 
spreading very easily. We have noticed especially in cases of such 
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ingiomas, and adenomas, and which are believed by Carrel to in- 
fluence growing cells by aiding in their nutrition. In these supravital 
preparations they may be observed during their activity to phago- 
cytize the neutral red dye and store it in the digestive vacuoles 
within their cytoplasm. These vacuoles appear as round, highly re- 
fractive globules, which may increase greatly in size as they become 
filled with the inclusions of the dye. Clasmatocytes may be present 
in extraordinary numbers in a rapidly growing tumor like a medul- 
loblastoma, showing evidence of great activity, or they may be 
scattered here and there, as in a pituitary adenoma, moving rather 
lazily among the tumor cells. 

In some of the tumors there are other cells which contain highly 
refractive vacuoles in their cytoplasm, but which are non-motile and 
do not ingest the dye. These vacuoles are an evidence of cell degen- 
eration. Such vacuolated cells are commonly found in acoustic 
neurinomas which are undergoing fatty degeneration, or occasion- 
ally in a meningioma they are conspicuous among masses of the 
tumor cells or within the whorls. 

Diagnosis: In many cases the precise nature of the lesion is quite 
apparent to the operator from its gross appearance and location, as 
is usually true for example of such growths as the meningiomas. 
Under these circumstances the microscopic diagnosis is merely cor- 
roborative. On the other hand, there may be some uncertainty in 
the surgeon’s mind as to whether, for example, an atypical soft 
vascular tumor exposed in the region of the sella turcica is a su- 
prasellar meningioma or a pituitary adenoma, or whether a suspicious 
nodule apart from the main mass of tumor represents an implanta- 
tion or metastasis, or whether a necrotic area consists possibly of 
degenerated brain in the neighborhood of the growth or actually is 
tumor. 

Possibly the most important immediate differentiation that is 
needed is between the various types of gliomas, and although in- 
creased familiarity on the surgeon’s part enables him to distinguish 
many of these tumors by their gross characteristics, this is only 
possible when he has become thoroughly familiar with its histo- 
logical appearance. If the surgeon must wait for a week or two, or 
even for a few days before he can get a clear idea of the microscopic 
structure of the tumor he has seen at operation, his recollection of the 
gross appearance has necessarily become obscured. The immediate 
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refractive globules which are often large. Active clasmatocytes 
ingesting the neutral red dye are also present (Fig. 5). Among them 
the nuclei of the tumor cells may be seen, and usually one finds 
scattered myelinated nerve fibers indicating the invasive nature of 
the growth. 

It may be pointed out that occasionally a bit of tissue is submitted 
for diagnosis from the brain in the neighborhood of a tumor. Under 
these circumstances the myelinated nerve fibers (Fig. 6) present an 
unmistakable picture. At other times the tissue may come from the 
margin of the growth, and examination disclose neuroglial fibrillae 
and possibly astrocytes, which, however, represent a gliosis rather 
than the real tumor, so that a more representative piece of tissue is 
necessary in order not to confuse the diagnosis with that of a fibril- 
lary astrocytoma. 

Medullohlastoma: In Figs. 7 and 8 are shown for comparison the 
preparation by supravital technique and the preparation of the same 
tumor which had been fixed, cut and stained by the usual method, 
the nuclei being greatly shrunken and the cytoplasm practically in- 
discernible. These tumors are generally soft and should be spread 
gently. Examination by supravital technique shows a most dis- 
tinctive picture of a rapidly growing exceedingly cellular tumor, 
composed of masses of small round cells with round or oval nuclei 
containing a fair amount of chromatin. The predominating of 
cell found in the fresh preparations as seen under oil immersion (Fig. 
7) is round rather than carrot-shaped. The cytoplasm is pale in con- 
trast to the nucleus, which sometimes may be a little eccentric, but 
the cytoplasmic boundary is very well defined, as is evident in the 
photomicrograph. Mitoses in various phases are easily recognized 
and may be niunerous with distinct chromosomes, as was true of 
t his particular tumor from the roof of the fourth ventricle in a child. 
Occasionally spongioblasts and neuroblasts may be identified in 
these tumors, but in this case they were not present. 

Hordes of clasmatocytes are often present' in medulloblastomas 
and may be seen actively taking up the dye so that they stand out 
conspicuously among the tumor cells. We have already refen'ed to 
Carrel’s conclusions regarding their influence on the nutrition of 
growing cells, and in this particular tumor, which is obviously a very 
rapidly growing one, they were present in extraordinary numbers 
none happening to show in the photomicrograph. 
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fibrillary astrocytomas removed from the cerebellum in young 
children that one is likely to find instead of a dense feltwork of 
fibrillae an abundance of well preserved astrocytes throughout the 
preparation. The cells may be quite small with a few processes 
forming a delicate fibrillary meshwork. In Fig. i an astrocyte of 
this type is shown and particular attention may be called to the dis- 
tinctness of the nucleus and chromatin particles, and the granules 
in the cytoplasm. 

Astrocytoma Protoplasmaticum: The protoplasmic astrocytomas 
are usually soft. The most pronounced difference from the fibrillary 
type when examined microscopically is the general absence of neuro- 
glial fibrillae. Furthermore they tend to undergo degenerative 
changes and become invasive, and it is not unusual to see among the 
fairly large oval nuclei of the tumor numerous degenerated cells 
packed with vacuoles, and clasmatocytes which have taken up the 
neutral red dye. Nerve fibers identified by their refractive myelin 
sheaths may also be found here and there. In this respect they are 
similar to the glioblastomas. 

If the specimen is not too degenerated, however, the cytoplasm 
as well as the nucleus may be discerned, and in Fig. 2 the soft branch- 
ing processes of a typical astrocyte may be seen extending out in 
various directions for a considerable distance. The nucleus appears 
darker in the photomicrograph than it should because of the attempt 
to reproduce satisfactorily the delicately outlined processes which 
were only slightly stained. 

How much more informing the supravital preparation may be 
when contrasted with the Zenker-fixed specimen from the same 
tumor stained with phosphotungstic acid hematoxylin is evident 
from Figs. 3 and 4, which have been taken at a low magnification to 
show the general architecture rather than the cell type of the tumor. 

Glioblastoma Multiforme: These rapidly growing tumors are com- 
posed of cells of various size and shape, including spongioblasts of 
all forms, astrocytes, round and spindle-shaped cells, which in a 
favorable piece of tissue are easily identified in the fresh smear. 
Multinucleated cells are present and mitotic figures may be demon- 
strated. However, many of these lesions are degenerated, and if the 
tissue examined is from a necrotic area such cells are not well shown, 
but instead the fields are occupied by great numbers of vacuolated 
cells which may be huge in size, filled with characteristic greenish 
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appeared in the fresh preparation. They lie more or less parallel to 
one another, this arrangement having been quite consistent through- 
out all fields. 

Pihdtary Adenomas: The differential diagnosis between the 
chromophobe and chromophile types of pituitary adenomas is pos- 
sible on examination of the supravital preparations. The chro- 
mophobe lesions are composed of masses or cords of epithelial cells 
which are round or polygonal in form with round or oval nuclei con- 
taining a variable amount of chromatin and usually well marked 
nucleoli (Fig. 13). The cytoplasm is very finely granular. Clas- 
matocytes are commonly found though they are generally not nu- 
merous and may be comparatively inactive. It may be noted that 
in the case of the youngest patient in the series with chromophobe 
adenoma, a girl who was first operated upon at the age of ten years, 
mitoses were observed in the fresh preparation of the tumor at a 
second operation five years later. 

In the- chromophile type the alpha granules which in fixed prep- 
arations are brought out best by special stains, such as Bailey’s 
ethyl violet-orange G, are readily seen in the fresh smears as rather 
coarse granules most marked at the periphery of the cytoplasm. 
Multinucleated cells may be numerous and crescent-shaped cells are 
also found. There is considerable variation in the size of the cells. 
A rather striking picture was observed in a recent case of “fugitive 
acromegaly” upon examination of the fresh smear. Everywhere 
among other comparatively pale, delicately granular chromophobe 
cells there were great numbers of enormous cells which were especially 
conspicuous in appearance because of the very granular cytoplasm 
which stained deeply with the neutral red dye (Fig. 14). The nuclei 
were round with a prominent nucleolus, and some of the cells con- 
tained two nuclei. 

Meningiomas: These tumors as a rule are unmistakable on ex- 
amination by supravital technique. They vary in consistency from 
very soft to very form lesions. One sees masses of cells with large 
nicely outlined oval, round or elongated nuclei which have a singu- 
larly typical appearance. Nucleoli are usually prominent. Whorl 
formation is well preserved in the fresh smears as may be seen in the 
photomicrograph which is taken at the same magmfication as that 
of the fixed preparation of the same tumor (Figs. 15 and 16). 

Even when calcium is present a smear satisfactory for diagnosis 
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_OUgodendroglioma: Here again, in Figs. 9 and 10 the supravital 
prdpatration is shown in contrast with the fixed preparation of the 
same tumor stained by ordinary methods. These tumors are rare, 
representing only one per cent of the gliomas, so that only a few have 
been available for study by the supravital method of examination. 
When seen in the fresh smears they present a most interesting pic- 
ture. WTiereas in the fixed preparation (Fig. 10) the round though 
shrunken nuclei are seen, in no field of any section was the cyto- 
plasm recognizable, though it may be noted that in some fixed prep- 
arations of similar lesions the nuclei may be surrounded by a halo. 
This may be contrasted with the fresh smear, which shows a typical 
field of the same growth at the same magnification (Fig. 9). The 
nuclei are spherical and unshrunken, containing quite abundant 
chromatin, and are surrounded by a pale cytoplasm which is very 
distinctly outlined. One may see in the photomicrograph how cellu- 
lar the tumor is, but unlike the medulloblastomas, np mitoses are 
present. They are slowly growing tumors and almost invariably tend 
to undergo partial calcification. 

The oligodendroglia are thought to develop from indifferent cells 
of ectodermal origin which may also differentiate into fibrillary 
astrocytomas. In a recent case of fibrillary astrocytoma of the cere- 
bellum in a child of ten years, typical oligodendroglial cells were 
found in the supravital preparations of the tumor. In Fig. ii two of 
these cells are shown with the slender processes characterized by 
swellings along their course and at their terminations. In fixed 
preparations the processes of these cells are not stained by usual 
methods, though they may be brought out by special silver stains as 
recently reported by Bailey and Bucy.“ 

Other Types of Gliomas: Of the remaining types of gliomas which 
form a smaller percentage of the classified group, one or two may be 
briefly referred to. There have been a few examples of ependymoma 
studied by this technique. They are highly cellular lesions and in 
the fresh smears the radiation of the cells around the vessels has been 
observed to particular advantage under low power, while under oil 
immersion extensions of the cells may be traced to the vessel walls. 
Blepharoplasten have not been distinguished in the tumors so far 
available for supravital study. 

There have been two recent examples of spongioblastoma unipolare 
et bipolare. In Fig. 12 some of the individual cells are shown as they 
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With its gross appearance at the operating table, but a permanent 
photographic record of the fresh preparations can be made for com- 
parison with the permanent section of the fixed tissue. 

The supravital method makes it possible for the examiner to see 
the cells with their cytoplasm and processes intact and gives pic- 
tures which are wholly unfamiliar to those who have only studied 
these cells in fixed sections. 
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DESCRIPTION OF PLATES 
Plate 114 

Fig. I. Supravital preparation showing a single fibrillary astrocyte. Note the 
distinctness of the granules in the cytoplaspi. x 850. ^ 

Fig. 2. Supravital preparation showing a single protoplasmic astrocyte. Note 
the numerous soft branching processes. X 850. 

Fig. 3. Supravital preparation of an astrocytoma. For comparison with Fig. 

4. X 300. ■ _ 

Fig. 4. Zenker-fixed preparation of same tumor as in Fig. 3 (phosphotvmgstic 

acid hematoxylin stain), x 300- 
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may be obtained. The psammoma bodies under low power are con- 
spicuous round refractive bodies, and when examined under oil im- 
mersion nuclei within some of these concentric concretions may be 

identified. . . 

Occasionally there is evidence of degeneration, and in one of our 
recent cases the cytoplasm of the tumor cells within and outside of 
the whorls was filled with very fine greenish globules. 

Clasmatocytes are associated with some of the meningiomas, as 
has been pointed out, and they may be observed ingesting the 
neutral red dye. 

Although in most cases the gross appearance of a meningioma 
leaves no doubt in the surgeon’s mind as to its histological nature, in 
rare instances the gross features may be misleading. On a recent oc- 
casion, for example, a tumor which was adherent to the dura and was 
regarded as a meningioma proved by supravital preparation to be 
a carcinoma. 

Acomtic Neurinomas: The acoustic neurinomas are usually firm 
in composition. If the tissue is well preserved and cellular, the fresh 
smear shows oval or elongated nuclei running along in fibrillary 
strands in the palisade and occasionally whorl-like arrangement 
which is typical of these growths. The cytoplasm of the cells in such 
fields is ordinarily not well defined, but the general architecture of 
the tumor is unmistakable. 

Frequently the tissue submitted has a yellowish fatty appearance, 
and when examined by supravital technique it shows the char- 
acteristic arrangement mentioned above, but the cytoplasm is more 
distinct because it is packed with fine greenish refractive vacuoles. 
The cells are commonly elongated and spindle-shaped, with fibrillary 
extensions at their extremities. When the tumor is extremely de- 
generated, however, many of the cells show only the nuclei, with 
globules of fat trailing along the fibrillary material present. 

Conclusions 

The supravital technique has been adopted as the most favored 
routine method of diagnosing and classifying tmnors of the central 
nervous system, it being of particular value in the cytological dif- 
ferentiation of the various types of gliomata. 

Not only can an immediate diagnosis be given to the surgeon so 
that he may leam to associate the microscopic, type of the lesion 
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Fig. 5. Supravital preparation showing vacuolated cells in a rapidly growing 
glioma. The upper cell is inactive, while two histiocytes below have in- 
gested particles of neutral red dj'^e. x 600. ‘ 

Fig. 6. Supravita. preparation of fragment of brain to illustrate the typical ap- 
pearance of myelinated nerve fibers. They are highly refractive and are 
often found among the cells of an invasive tumor, x 600. 

Fig. 7. Supravital preparation of a medulloblastoma showing clearly defined 
c3doplasm (arrows) and uniformlj^ round shape of cells. Two mitotic 
■ figures are included in the field, x 850. 

Fig. 8. Formalin-fixed preparation of same tumor as in Fig. 7 (hematoxylin- 
eosin stain). The cytoplasm has been almost wholly lost and the nuclei are 
greatly shrunken, x 850. 
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Fig. 9. Supravital preparation of an oligodendroglioma to show the sharply 
outlined cytoplasm of the cells and their spherical nuclei. For comparison 
with Fig. 10. X 850. 

Fig. 10. , Zenker-fixed preparation of same tumor as in Fig. g (eosin-methylene 
blue) . The cytoplasm was not recognizable in any field of several sections 
studied. The nuclei are much shrunken, x 850. 

Fig. II. Supravital preparation showing two isolated oligodendroglial cells 
from a midline cerebellar fibrillarj'^ astrocytoma, with typical swellings 
along their processes. X 850. 

Fig. 12. Supravital preparation of a spongioblastoma unipolare et bipolare, 
showing several of the individual cells in characteristic parallel arrange- 
ment. X 850.. 
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Fig. 13. Supravital preparation of a chromophobe pituitary adenoma showing a 
group of cells of about the same size with very finelj"^ granular cytoplasm. 
X 850. 

Fig. 14. Supravital preparation of a pituitary adenoma of mixed type. Note 
the size of the cells as compared with those in Fig. 13, and the granular 
cytoplasm stained by neutral red. One cell with two nuclei is shown. 
X 850. 

Fig. 15. Supravital preparation of a meningioma to show how well whorl 
formation is preserved. x 600. 

Fig. 16. Zenker-fixed preparation of same tumor as in Fig. 15 (eosin-methylene 
blue stain), x 600. 
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connective tissue, and the tumor is thus said to be alveolated. In the 
midst of the cell masses there may be a papilliform strand of connec- 
tive tissue fibers with one or two thin-walled blood vessels and the 
tumor cells appear to grow in parallel bundles from this fibrous tis- 
sue. Nuclear character varies greatly. The spindle cells usually 
have vesicular nuclei and the round cells usually densely chromatic 
nuclei, but the reverse may be true. Mitotic figures are not com- 
monly abundant. 

Ewing’s 1 article on lymphoepithelioma describes tumors of the 
nasopharynx which histologically resemble transitional cell car- 
cinoma, but the structure of bronchi and bronchioles gives no ground 
for assuming that the small cell cancers of the lung belong in the 
group of lymphoepithelioma. 

Only within recent years have the small cell tumors of the lung 
been accepted as cancers, although Turnbull, who has seen an extra- 
ordinary number of lung tmnors at The London Hospital, is quoted 
by Simpson ^ as having been of this opinion for many years. That 
they are not sarcomas has been concluded because of cellular ar- 
rangement, vascularization, connective tissue relations, gross char- 
acters resembling obvious carcinomas and distribution of metas- 
tases. 

The subject is of interest in coimection with the Schneeberg lung 
cancers. Clinically the disease was described in 1770 (see Uhlig®). 
In 1879 Harting and Hesse described cases which came to autopsy. 
Schmorl ^ states that these were considered to be lymphosarcoma by 
Wagner, by Weigert and by Anke. Arnstein ® pointed out clearly 
that the small cell metastases of his case were epithelial. Schmorl 
quoted Uhlig as having demonstrated that one of the Harting-Hesse 
cases was a small cell carcinoma and the other was combined with an 
"Endothelkrebs.” With this background the impression has ap- 
parently been gained that the Schneeberg tumors are commonly 
of the small ceU type. Schmorl’s examination of twenty-one Schnee- 
berg lung cancers showed that only three of them were small cell 
cancers. 

In some clinics the small ceU tumors constitute the majority of the 
lung cancers, but in others their niunber is exceeded by the squa- 
mous epitheliomas. Of twenty-five cases of primary carcinoma of 
the lung observed by us at City and Lakeside Hospitals, demon- 
strated by complete autopsy, thirteen were squamous epitheliomas. 



SMALL CELL CARCINOMAS OF THE LUNG* 


Howard T. Kaesner, M.D., and Otto Saphir, M.D, 

{From the Institute of Pathology, Western Reserve University, 

Cleveland, Ohio) 

With the increasing number of reports upon primary carcinoma 
of the lung, views as to classification have changed. Classification 
upon the basis of gross morbid anatomy has been largely abandoned 
because of wide variations in form, which overlap the classes, ap- 
parently as the result of local extensions and regional metastases. 
Classification as to point of origin is unsatisfactory because there 
have been no convincing demonstrations of origin from any part of 
the lung other than bronchi and bronchioles. 

Classification upon the basis of the histological character is not 
without its difficulties, but is more satisfactory than the other two 
modes, Squamous epitheliomas and adenocarcinomas can be readily 
identified. Even when the epitheliomas show no keratinization the 
other features are usually sufficient for a diagnosis. Often the 
adenocarcinomas show only a few areas of acinus formation, which 
may not be found in only a single section. Of the undifferentiated 
cancers some are made up of polygonal, cuboidal or cylindrical cells 
and can only be called carcinoma simplex. Others show a curious 
tendency to the formation of bizarre multinucleated giant cells, but 
it is doubtful that these justify a separate classification because such 
cells are found in undifferentiated and differentiated tumors of our 
series. Most common among the undifferentiated forms are those 
cancers which have been called transitional cell, oat-ceU and small 
cell carcinomas. 

Practically without exception this last group of tumors is made up 
of small spindle cells and small round cells, one or the other pre- 
dominating in different parts of the tiunor and its metastases. In the 
spindle cell areas a certain degree of nuclear palisading is noted but 
not with the same regularity of arrangement commonly seen in the 
neurofibroma (Schwannoma). The cells are likely to be grouped in 
large nests, bounded by irregular, well vascularized septa of mature 

* Received for publication Jxine 1930. 
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Grossly, with the possible exception of the tumor discovered 
microscopically, all the small cell cancers were situated at the 
hilum. Two showed multiple small nodules throughout the lung. 
The other three were masses 6 to 12 cm. in diameter near the hilum. 
One case showed extensive bronchiectasis and one showed an, area of 
necrosis (not gangrenous) 6 to 8 cm. in diameter, distal to the 
tumor. Generally, the tmnors were of gray color, clearly invasive, 
firm, cut with resistance and showed a firm, pale gray or yellowish 
gray, moist cut surface. Vascularization was not marked and 
hemorrhage not noteworthy. Necrosis occurred in the larger masses 
as it did in carcinoma in general. 

Extrathoracic metastases were proportionately more frequent in 
our small series of small cell cancers than in the others. Especially 
notable is the fact that whereas four of the nineteen other cancers 
showed extensive mediastinal metastasis, three of the six small cell 
cancers showed marked involvement of that region. Two of these 
were diagnosed clinically as mediastinal sarcoma. The situation in 
our cases, as is true of such tumors generally, was especially in the 
upper posterior mediastinum with anterior displacement of the 
trachea. This type of metastasis has been emphasized by others and 
Barnard^ goes so far as to state that “the so-called ‘oat-celled 
sarcoma’ of the mediastimun is a medullary carcinoma of bronchi.” 
Shennan ® describes thirteen cases of small cell cancer of the lung, 
one of which (No. 8) is not entirely acceptable to us as of this cate- 
gory. All of these showed some degree of mediastinal involvement 
and in seven of them it was marked. Duguid and Kennedy ® con- 
clude “that oat-cell forms in a mediastinal tumor must not always 
be interpreted as indications of bronchial origin,” and report one 
case originating in a thymic tumor and one originating in the me- 
diastinal lymph nodes. Schuster,^® without publishing the figures, 
states that “there is no relation between the type of growth and the 
size of the mediastinal mass.” MaxweU “ in a series of 239 cases of 
primary malignant tumor in the thorax, of which 135 were ex- 
amined microscopically, found forty-seven cases of “obvious” car- 
cinoma and sixty-four cases of oat-ceU tumor. Mediastinal involve- 
ment was found in about 60 per cent of the small cell tumors as com- 
pared with about 55 per cent of the other cancers. Huguenin 
speaks of “tumeurs mediastino-pulmonaires qui se presentent fre- 
quemment sous I’aspect de tmneurs a petites cellules.” It is probable 
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six were small cell carcinomas, four were adenocarcinoma and two 
were classified as carcinoma simplex. 

It is at least possible that the study of primary carcinoma of the 
lung may be advanced by detailed examination of the different forms 
encountered. For this purpose the cases of small cell carcinoma have 
been selected. The information provided by Weller ® and by Simp- 
son provides us with data for larger comparison. 

Primary cancer of the lung occurs between 20 and 80 plus years, 
with the greatest incidence between 50 and 60 years. In our twenty- 
five cases the ages were between 38 and 76 years. The small cell 
cancers occurred between 40 and 72 years, distributed at 40, 41, 41, 
58, 64, 72 years. There is then no striking change of age incidence. 

Although statistics differ, in general it may be said that the sex 
ratio of primary cancer of the lung is four males to one female. In 
our cases of small cell carcinoma four were in males and two in fe- 
males. 

Of our twenty-five cases nineteen were in whites and six were in 
negroes. Of the small cell cancers, five were in whites and one in a 
negro. 

Duration of symptoms is based upon much human uncertainty. 
In Simpson’s 139 cases, the average duration was seven months. 
Only seven lived more than two years and two more than four years. 
In our twenty-five cases, the duration was ten days to two and a 
third years. In the small cell cancer cases it was three weeks to two 
years. 

Generally it is found that the right lung is involved slightly more 
often than the left. In one of our six cases of small ceU carcinoma, 
the lesion was discovered microscopically and the side not identified. 
Of the others, three were on the right side and two on the left. 

A study of occupation and symptoms shows nothing in which the 
small cell cancers differ materially from the others. Moderate 
anemia, leucocytosis, fever, cough, weakness, anorexia, dyspnea, 
hemoptysis and pain in the chest were present about equally in both 
groups. 

The correct clinical diagnosis was made in ten of the twenty-five 
cases, but in the cases of small cell cancers in only one of six in- 
stances. In one of these cases it was not to be expected that the 
diagnosis should be made because the tumor was only about 5 mm. 
in diameter. 
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walls. Huguenin has suggested that origin from a bronchiole might 
easily be confused subsequently with origin from alveolar lining 
cells. 

The problem of multicentric or unicentric origin is not solved by 
this observation. The bronchiolar surface involved is about i mm. 
in length. To this extent the origin appears to be somewhat diffuse 
as compared to the possibility of ori^n in a few cells. If multicentric 
in this instance, the number of centra must be small. Broadly 
speaking, this tumor can be regarded as unicentric. The examina- 
tion of our entire series of lung carcinomas indicates that they 
originate in a bronchus or bronchiole and that multiplicity of tumors 
in the same lung is the result of metastasis rather than multicentric 
origin. This view is supported by the early invasion of l)miphatics, 
frequent invasion of veins and occasional invasion of arteries, com- 
mon to lung cancers. 

The gross morbid anatomy of small cell carcinomas of the lung 
differs from that of other carcinomas of the lung in only two particu- 
lars. The small cell cancers are generally somewhat firmer and show 
a slightly greater disposition to produce large mediastinal masses 
than the other cancers. 

Microscopically, in addition to ceU type, the vascularization and 
desmoplastic activity of the small cell cancers is striking. The blood 
vessels are numerous in the pulmonary and metastatic tumors. 
They have thin walls, with little or no musculature and appear in 
dehcate or heavy bands of connective tissue throughout the tumor 
masses. The bare capillaries or vascular slits of sarcoma are not 
found. With the Van Gieson stain the amount of fibrous connective 
tissue is seen to be in excess of what might be expected from viewing 
the same tissue stained with hematoxylin and eosin. Not only are 
there heavy bands which give the tumor an alveolated appearance, 
but within the tumor cell masses are many more or less delicate 
short or long bundles. As compared with other cancers of the lung, 
the amount of connective tissue in the small cell cancers appears to 
be greater and its distribution more diffuse. 

Three of our smaU cell cancers have been stained with the Foot 
modification and one with the Maresch modification of the Biel- 
schowsky technique. Whereas the cell masses show fibrils of con- 
nective tissue, they are devoid of reticulum. This is entirely inde- 
pendent of rapidity of growth as judged by clinical history or gen- 
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therefore that mediastinal involvement is somewhat more frequent 
in connection with the small cell cancers than is true of other cancers 
of the lung. 

Discussion of the origin of primary cancers of the lung has been of 
particular importance as concerns the small cell tiunors, for this is 
the type which Huguenin thought to be derived from alveolar lining. 
Weller, in his review, states that “proof of the origin of carcinoma of 
the lung from histologically unaltered alveolar epithelium is lack- 
ing.” Subsequently Schuster concluded that “the existence of alveo- 
lar carcinoma is not proven.” Maxwell, referring to the sixty-four 
small cell carcinomas he studied, states that “it has not been shown 
that any of the tumors in this series arose directly in the epithelial 
lining of the pulmonary alveoli.” Huguenin, Foulon and Delarue,^® 
as well as Huguenin, appear to admit some doubt as to Huguenin’ s 
original contention. All writers on this subject hope for what Weller 
calls the “fortuitous discovery of early examples in the course of 
routine autopsies,” or the “hazard heureux de coupe” of Huguenin. 
Certainly the modern literature shows agreement with Weller that 
cell type of the tumor is not a criterion of point of origin. 

Figs. I, 2, 3 and 4 are from a small ceU cancer found by Dr. Alan 
Moritz in the routine sections of the lung in a case of chronic diffuse 
bronchiectasis. In addition to masses of oval cells in the lung tissue 
a large space shows a lining of multiple layers of cells of the same 
type. That this space is not alveolar is indicated by the fact that its 
walls contain much smooth muscle, as shown by the round ended 
cylindrical nuclei. The Van Gieson technique shows many yellow- 
stained fibrils in the wall and the Verhoeff elastica stain several 
layers of elastic fibrils in irregular arrangement. The Mallory con- 
nective tissue stain shows spaces between the connective tissue 
fibrils. It must be a bronchiole. A slightly larger bronchiole shows 
squamous metaplasia without keratinization. It is probable, but not 
proved, that the multiple layers of oval cells represent a diffuse pro- 
liferation, but this does not exclude the possibility of extension of the 
cancer over the bronchiolar surface. No other focus of origin could 
be found in many sections, nor could a similar multiplication of 
layers be found in any of the clearly distinguishable alveoli. The 
Bielschowsky-Foot stain (Fig. 2) shows no reticulum in the sur- 
face cells or in the deep cancer nodules. The origin of this lesion ap- 
pears to be in a bronchiole and not in a bronchus with cartilaginous 
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Although others have observed a considerable differentiation of 
the cells, only one of our cases showed in one field cells which could 
be regarded as cuboidal or low cylindrical. Generally speaking, 
these small cell tumors show little or no further differentiation. 

Conclusions 

1. Small cell primary trunors of the lungs or bronchi are epithelial 
in character, as indicated by cell arrangement, relation of connective 
tissues and blood vessels, and complete absence of capacity to form 
reticulum. 

2. Small cell cancers of the lung originate in bronchi or bron- 
chioles and are probably unicentric in origin. 

3. Small cell cancers of the lung more frequently produce large 
mediastinal masses than do other cancers of this organ and are 
firmer in consistency, but in other chnical and gross pathological 
aspects show no distinctive characters. 
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eral appearance of the tumor. In no instance were reticulum fibrils 
found except as occasional strands connected with the reticulum of 
the surrounding host tissue. There is no indication whatever that the 
tumor cells have any capacity to form reticulum. This demonstra- 
tion is in accord with that made as early as 1913 by Arnstein. Al- 
though rapidly growing sarcomas may be poor in reticulmn, the 
lymphatic group, with which the small cell cancers have been con- 
fused, usually show a striking tendency in this direction, in sharp 
contrast to the small cell cancers. 

The cells of the tumor appear in masses which resemble pure cul- 
tures of the cells (Huguenin). This appearance is conspicuous in 
hematoxyhn-eosin and Bielschowsky preparations, but in Van Gie- 
son preparations the illusion is destroyed by the presence of the con- 
nective tissue fibrils. Parallel rows of oval or spindle cells are at- 
tached to the denser connective tissue bands. These are continuous 
with masses of round cells or of spindle or oval cells which often occur 
in bundles with a certain suggestion of palisading of nuclei. There is 
no reason for suspecting that the round cells are simply cross-sections 
of spindle cells because they occur in large masses without spindle 
cells in association. The fact that areas of tumor necrosis are usually 
surrounded by round cells and that densely chromatic small nuclei, 
probably pyknotic, are frequent in the round cells suggests that some 
of these cells are the seat of regressive pathological change. Thus, 
they may be regressive forms of other round cells or of spindle cells. 
Variability of nuclear staining is a notable feature of both spindle 
and round cells. Nuclei may appear to be vesicular or densely chro- 
matic. Since the nuclei of bronchiolar epithehiun and the connec- 
tive tissues stain normally in the sections it is probable that the 
tumor cell nuclei vary in chromatin content as indicated by the 
staining. In a specimen removed by the bronchoscope, the same 
irregularity of nuclear character was observed. No autopsy was per- 
mitted in this case and although the diagnosis was practically certain 
the case is not included in our series. Admitting it as a small cell 
cancer of the lung excludes the irregularity of nuclear staining as a 
postmortem change. The nuclei of the round cells are of the order of 
tndce the diameter of an erjAhrocyte. Those of the spindle cells are 
of the order of one erythrocyte in vidth and two erythrocytes in 
length. Mxiltiple nuclei are infrequent. The few mitotic figures ob- 
sen^ed are not abnormal. 
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Plate ii8 

Fig. I. Multiplication of bronchiolar epithelium and nodule of small cell car- 
cinoma deeper in the tissue. Hematoxylin and eosin. Green filter, Wratten 
B 58. X 200. 

Fig. 2. Same material as in Fig. i, stained by the Bielschowsky-Foot method. 
Note absence of reticulum in the epithelial areas. Orange filter, Wratten G 
15. X 200. 

Fig. 3. Same material as Fig. I, stained by the Verhoeffelastica method. Note 
the irregular distribution of fibrils, different from that of an artery. Red 
filter, Wratten A 25. x 200. 

Fig. 4. Same material as Fig. i, stained by the Mallory coimective tissue stain. 
Note the wide spaces between the fibrils in the subepithelial tissue. The 
spaces are occupied by smooth muscle as demonstrated by the Van Gieson 
method. Green filter, x 200. 
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Plate iig 


Fig. 5. Spindle cells and round cells in small ceU carcinoma in lung. Note 
shrunken connective tissue trabeculae. Hematoxylin and eosin. Green 
filter. X 200. 

Fig. 6. Same tumor as in Fig. 5, stained by Bielschowsky-Foot method. Note 
absence of reticulum in the tumor nodules. Orange filter, x 200. 

Fig. 7. Hepatic metastasis of small cell tumor of lung. Hematoxylin and eosin. 
Green filter, x 200. 

Fig. 8. Area near that shown in Fig. 7 stained by Bielschowsky-Foot method. 
Note absence of reticulum in tumor nodules. Orange filter, x 200. 



Aiiericax Journal or Pathology. ^^OL. VI 


Plate ii8 



Karsncr and Saphir 


Small Cell Carcinomas of the Lung 















Karsncr and Saphir 


Small Cell Carcinomas of llic I-ung 
























564 


LEVIN 


Pathologists lay entirely too much stress on the channels of trans- 
portation in the formation of metastases generally, and particularly 
in the predilection of certain types of carcinoma to metastasize in 
the bone. 

Von Recklinghausen,® who was the first to investigate the subject 
thoroughly, maintained that the formation of metastases in the 
bones is due to the fact that the veins and capillaries of the bone 
marrow have thin walls, and are not collapsible. These morpholog- 
ical peculiarities favor the accumulation of carcinoma cells within 
these blood vessels. The majority of pathologists side with von 
Recklinghausen in the opinion that the mechanical peculiarities are 
the main, if not the only factors in the causation of skeletal metas- 
tases. None the less this hypothesis is inadequate to explain all the 
phenomena connected with the formation of skeletal metastases. 
Kaufmann,® in a detailed account of a statistical investigation of the 
frequency of metastases in the bone, found skeletal metastases in 
carcinoma of the uterus in 3.03 per cent and in carcinoma of the pros- 
tate in 66 per cent. The difference between 3,03 per cent of skeletal 
metastases in carcinoma of the uterus and 66 per cent in carcinoma 
of the prostate is very striking, and cannot be explained by mechan- 
ical differences. The topographical relationships between the uterus 
and the skeleton on one hand, and the prostate and the skeleton on 
the other, are practically identical. So is the vascularization of the 
two organs, and it is as easy for the cancer cells from the uterus as 
those from the prostate to find lodgment in the bone marrow. 

The opinion of Lubarsch ^ that the difference in the relative sizes 
of the cancer cells and of the minute blood vessels of an organ in- 
fluence the formation of metastases, is also hardly tenable. The bone 
marrow contains blood vessels of a sufficiently large caliber to admit 
the lodgment of a cancer cell of any size. 

The only plausible explanation of this difference between tumors 
of certain organs seems to be that while both the cells of the uterine 
carcinoma and the carcinoma of the prostate find lodgment in the 
marrow, the latter ceUs find there a better soil for development than 
do cells of the uterine carcinoma. A very striking instance indicating 
the existence of a peculiar affinity between the cancer cells and bone 
tissue was presented by Schmorl.® He found in a series of cases 
of carcinoma, metastases not only in the bones of the skeleton, 
but in bone tissue abnormally developed in the cartilage of the 
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Following carcinoma of the prostate and of the breast, carcinoma 
of the thyroid most frequently metastasizes in the skeleton. Berard 
and Dunet ^ in their recent analysis on the subject found the fre- 
quency of skeletal metastases in carcinoma of the thyroid to vary 
between i8, 30 and even 70 per cent of all cases. On further analysis 
of no cases of skeletal metastases in carcinoma of the thyroid, they 
found that the most frequent sites of the metastases were the skull 
and the vertebrae. 

There are several characteristics in the secondary metastatic 
tumors of carcinoma of the thyroid which make them the most fa- 
vorable material for the study of the general problem of metastasis 
formation. 

Ewald ^ showed the presence of iodine in metastatic adenocarci- 
noma of the thyroid while the original tumor was free from iodine. 

A simple colloid goiter, presenting a structure that usually re- 
mains harmless for years, may give rise to metastatic tumors. These 
secondary tumors may acquire the characteristics of malignancy 
though the primary tumor remains benign. 

Riedel ® removed a tumor of the inferior maxilla composed of nor- 
mal thyroid tissue. The tumor, however, recurred locally after ten 
years. 

In order to elucidate these apparent peculiarities in the formation 
of metastasis generally, and particularly of skeletal metastasis in 
carcinoma of the thyroid, a brief survey must be made of the mech- 
anism of formation and pathogenesis of metastasis in carcinoma 
generally. 

The writer ^ studied the problem experimentally and clinically. 
He also analyzed microscopically a large number of cases of skeletal 
metastasis. The conclusions reached from this combined study do 
not always coincide with the opinions of the investigators of purely 
anatomical material. 


* Received for publication May 26, 1930. 
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noted frequently around large tumor masses but not around minute 
metastatic nodules. In the latter instance, as stated above, no mor- 
phological abnormality could be found in the bone marrow. 

As the tumor nodule increases in size it approaches and invades 
the compact osseous tissue or the compact osseous partitions of the 
cancellated bone. Then, there begin to appear the characteristic 
changes in the bone tissue. It is generally accepted that there are 
two classes of skeletal metastases of carcinoma: osteoplastic, in which 
extensive new bone formation takes place around the metastatic 
tumor; and osteoporotic, in which the changes in the normal tissue 
surrounding the metastasis consist in extensive destruction of the 
compact bone. These two distinct conditions can be easily differen- 
tiated on the gross inspection of skeletal metastases. However, the 
microscopic study of the cases analyzed by the writer showed that 
both conditions were generally present side by side. The differences 
in the gross appearance are due to the fact that in one case osteo- 
sclerosis or new bone fonnation predominates, while in another 
osteoporosis or the destruction of the old bone is mostly in evidence. 

The mechanism of the bone destruction in metastases of carcinoma 
differs from the one observed in inflammatory osteoporosis. Von 
Recklinghausen first made the observation that the large polynu- 
clear osteoclasts, which destroy the bone in osteoporosis, are very 
seldom found in the lacunae of the bone surrounding a growing 
metastasis of carcinoma. This fact was confirmed by most of the 
subsequent investigators. In view of the absence of the large osteo- 
clasts, von Recklinghausen presumed that there takes place in this 
bone a softening by the removal of its inorganic salts and a subse- 
quent absorption without the aid of any cells, a condition similar to 
the one found in osteomalacia. Apolant,® Erbsl6h^° and Askanazy 
are also of the opinion that osteoporosis in skeletal carcinoma may 
take place without the aid of special cells. On the other hand, 
Goetsch^^ beheves that the cancer cells act as osteoclasts and destroy 
the compact bone, and Axhausen maintains that the small elongated 
mononuclear connective tissue cells frequently found close to the 
walls of the lacimae are special osteoclasts derived from the cancer 
stroma. In the specimens studied by the writer both cancer cells 
and the small connective tissue stroma cells were found in immediate 
apposition to the walls of the lacunae. The cancer cells were so fre- 
quently the only cellular elements within the lacunae of the bone 
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larynx and trachea, and in one case a metastasis developed in a bone, 
plaque on the wall of the aorta. In the latter case no metastases were 
formed in any organ with the exception of the bones of the skeleton 
and of the bone tissue in the wall of the aorta. It is inconceivable 
that cancer cells should have been able to reach the small bits of bone 
tissue of the aortic plaque more easily than the parenchymatous 
organs. 

Thus the probabilities are strongly in favor of the conception that 
tmnor emboli are transported everywhere with the same ease and 
find lodgment in any part or organ of the body. On the other hand, 
the further growth of the small transported group of cancer cells and 
their development into a large metastatic tmnor depends upon a 
correct afiS.nity between the cancer cells on the one hand, and the 
organ cells, the soil as it were, on the other. 

The writer has shown in a series of investigations that the de- 
velopment and growth of inoculable malignant tumors of the lower 
animals depend upon a local interaction between tumor cells and 
the somatic cells of an organism. In certain instances the parenchy- 
matous cells of a normal organ may inhibit the growth of the tumor, 
and this inhibition ceases when the parenchymatous cells become 
degenerated through a certain injury to the organ. On the other 
hand, the writer has shown that when the cells of a normal organ 
offer no adequate resistance to the growth of the tumor, then the 
proliferating tumor cells injure, mechanically or chemically, the 
former cells. This injury evidently precedes the death of the organ 
cells and their replacement by tumor cells. 

Bone tissue, in view of its characteristic morphological differ- 
ences from all other tissues, presents a very favorable object for the 
minute study of the changes taking place in the soil under the in- 
fluence of tumor growth. 

A microscopic study of skeletal metastases of carcinoma which the 
writer undertook some time ago brought out several points of im- 
portance. 

The metastasis begins its development within the marrow, and 
when the group of cancer cells is small, the surrounding bone marrow 
appears quite normal. Von Recklinghausen claims that the develop- 
ment of the metastasis is preceded by a hjperemia and hemostasis, 
due to obstruction of the capillaries by the tmnor emboli. In the 
spedmens studied by the writer, hemorrhages and hyperemia were 
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tween the normal organ tissue and the cancer cells during the begin- 
ning of the development of a metastatic tumor from a transported 
cancer embolus. Upon the result of this interaction depends the 
success of metastasis formation. 

This conception of the pathogenesis of formation of metastases 
may well serve to clarify the meaning of the peculiarities encoun- 
tered in the metastases in carcinoma of the thyroid. It is impossible 
to conceive that a normal cell of the thyroid or a cell of a benign 
goiter when transplanted into a bone may form a malignant tumor. 
On the other hand, it is often difficult to differentiate morphologi- 
cally between a benign and a malignant tumor of the th3noid. It was 
stated above that the failure or success of the development of a 
metastatic tumor from a transported embolus depends upon the in- 
teraction between the normal organ tissue and the cancer cells. 

We may conceive that a small group of cells of a normal thyroid 
or of a benign goiter may become malignant, but the thyroid or 
goiter offers an unfavorable soil and suppresses the further develop- 
ment of a malignant tumor for a longer or shorter period of time. 
The same small group of malignant cells when severed from the 
primary locus and transported to bone may find there a more favor- 
able soil and develop into a large, actively growing metastatic car- 
cinoma. Moreover these cancer cells may not only increase its power 
of proliferation but may also increase its functional capacity. Thus 
Ewald noticed that iodine is produced in the metastatic tumor while 
none was produced in the primary tumor. 

Cases in which the primary tumor in the thyroid is small and not 
malignant clinically, while the metastatic tumor is large and very 
highly malignant, are encountered frequently in carcinoma of the 
thyroid. 

This is not only of theoretical, but also of great practical impor- 
tance. The whole s3miptom complex is caused by the metastatic 
tumor, therefore the primary condition is frequently overlooked and 
both the diagnosis and therapy may be wrong. 

The cases of skeletal metastases in carcinoma of the thyroid re- 
ported here all belong to this type. 

Case -Reports 

Case i . Clinical History : M. B ., white, male, aged 3 1 years, was seen at the 
clinic in 1924, suffering from epithelioma of the ear. He disappeared and pre- 
sented himself again three years later. 
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that there cannot be any doubt but that cancer cells do act as direct 
osteoclasts. The impression gained by the writer is that the small 
stroma cells only subsequently invade between the bone and the 
cancer cells. But even if the possibility be admitted that occasionally 
the stroma cells may act as osteoclasts, it seems quite apparent that 
the tumor itself, by the aid of its formed elements, first destroys the 
bone, and then grows by occupying the space so formed. 

The mechanism of osteoporosis in skeletal metastases is similar to 
the mechanism of the destruction of any normal tissue surrounding 
a growing malignant tumor; the osteosclerosis or the extensive for- 
mation of new bone tissue is similar to stroma formation within and 
around a metastatic tumor. 

Von Recklinghausen claims that this extensive new bone forma- 
tion is due to the hyperemia described by him and mentioned above. 
Askanazy thinks that the metastasis at first produces an osteoporosis 
which is followed by a bone necrosis. The necrotic bone acting as a 
foreign body causes a new bone formation. Wolfi,^® and Kaufmann 
are of the opinion that cancer cells may act directly as osteoblasts 
and form new bone tissue. 

The mechanism of the new bone formation as observed by the 
writer is as follows: At first, collagen fibrils are formed in abundance 
from the old bone. These fibrils gradually unite in thick bundles and 
subsequently form new bone tissue. The latter is clearly formed 
from the constituent parts of the old bone tissue. On the other hand, 
as stated above, the writer did not observe any hyperemia, inflam- 
mation, or any other abnormality of the bone marrow at the begin- 
ning of the development of the metastases. Furthermore, necrosis 
of the bone was not found in any of the specimens examined. It 
must be concluded that some unknown chemical irritant emanating 
from the cancer cells acts on the old bone tissue and stimulates its 
proliferation. 

Thus two processes always take place side by side in skeletal 
metastases. On the one hand, the tumor destroys the normal bone 
tissue, on the other hand the remaining osseous tissue proliferates 
and creates new bone. The latter is quite probably an attempt at 
self defense. The new bone tissue may compress and destroy the 
cancer cells. 

The minute microscopic study of skeletal metastases gives the 
clearest evidence of the interaction which always takes place be- 
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ary to metastatic carcinoma of vertebrae (paraplegia dolorosa 
Charcot). 

Case 2. Clinical History: A. K., white, male, aged 73 years. In September 
1928, the patient developed an acute swelling in and around the left sterno- 
clavicular junction. A few days later a similar swelling developed on the other 
side and both swellings disappeared in a short time without treatment. A few 
days later, another swelling appeared in what seemed to be the region of the 
right lobe of the thyroid. Later, a similar condition appeared on the other side. 
All the swellings disappeared in a short time. In May, 1929, the patient began 
to suffer from constant pain in front and back of chest accompanied by coughing 
and bloody expectoration and also by a high temperature. This acute condition 
subsided in about ten days. During this period, swellings appeared in the cer- 
vical region. About four weeks ago, the patient suddenly felt pressure pain in 
the back region immediately below the angle of the scapula. This pain con- 
tinued up to the present. Occasionally, this condition came in spasms, with 
comparative comfort in between. At present, the greatest pain he has had is 
in a recumbent position. Patient did not suffer from constipation, had normal 
bladder function and a fair appetite. 

Physical Exa 77 iinalion: The patient was emaciated, showing evidence of 
cachexia and had the appearance of severe muscular tension. In the right 
supraclavicular region a few lymph nodes were palpated. There was a lymph 
node noted in the region of the mastoid which was very firm and measured 
2.5 cm. in diameter. Another was palpated above the sternocleidomastoid 
region, which measured 4 cm. in diameter, was hard and nodular, and firmly 
attached to the underlying structure. There were other lymph nodes noted 
in both axilla, larger in the left. There were some small inguinal lymph nodes, 
more on the right side. No other abnormalities were noted. 

Results of an X-ray examination of chest and skeleton showed the following 
conditions: 

There was an osteoporosis and decalcification observed in the ribs, spine, 
pelvis and upper ends of the femora. In addition, there appeared an irregular, 
destructive process in the superior surface of the second lumbar vertebra with a 
definite upward concavity. 

In the right lung there was noted an irregular infiltrative and fibrotic involve- 
ment, especially in the upper lobe, with some bronchiectatic and interstitial 
pneumonic changes appearing at the right base. Interlobar plastic pleurisy 
appeared at the level of the fourth rib anteriorly. In the left side, the limg 
showed a similar infiltrative change in the upper lobe. In addition, at the level of 
the third rib, there appeared a small circular shadow of increased density meas- 
uring about I cm. in diameter. A s imil ar nodule about 2.5 cm. in diameter was 
noted at the level of the sixth rib anteriorly. 

Diagnosis: Polyadenitis noted in this case with a history of swell- 
ings in the neck appearing and disappearing without treatment is a 
symptom complex which would indicate that we were dealing with 
lymphoma malignum (Hodgkin’s disease). The two discrete meta- 
static nodules noted in the X-ray examination may also have been 
lymphomatous nodules, but the multiple conditions in the skeleton 
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At this time the original condition seemed to be improving. About nine 
months ago an insidious painless swelling arose over the region of the right 
clavicle. This condition grew slowly but gave the patient no discomfort. Three 
months later, the patient began to complain of cramp-like pain in the spine. 
This pain occurred in the daytime, usually at the onset, and was brought on by 
change of position. In addition to this, the patient complained of pain in the 
upper spine between the shoulder blades. During this time there was also noted 
some loss of weight. 

Two months later the patient noticed a lump in the occipital region. Other 
lumps arose in the region of the scalp. 

About five weeks ago the patient noticed shooting pains in the legs, originat- 
ing in the spine. Gradually, power in the lower extremities began to disappear, 
first on the left side and later on the right. 

Physical Examimlion : General appearance was that of a young adult male 
about 30 years of age. He presented an anxious expression and appeared to be 
suffering from recurring pains. He appeared anemic and cachectic. 

The right ear was distorted and much smaller than the left. The skin behind 
the ear was depressed, soft and smooth. The external auditory meatus was 
occluded by a flat ulcerated neoplastic area 12 by 8 mm. in extent. This area 
bled readily to the touch and was pinkish in color and granulation-like in appear- 
ance. 

The chest showed a distinct flattening anteriorly in the region of the nipples. 
Clavicular regions showed an asymmetry. The right clavicle was much more 
prominent. On palpation the clavicle was replaced by a soft and elastic, smooth 
mass about 6 by 3.5 cm. in extent. On palpation the left clavicle also presented 
many protuberances and depressions. On palpation of the chest, several pro- 
tuberances were felt. 

Over the region of the anterior mediastinum, percussion revealed an area of 
dullness reaching about an inch to right and left of the sternal margins. 

Over the regions of the third, fourth and fifth dorsal vertebrae there was a 
protrusion and widening of the spine. A similar deformity was felt over the 
lower lumbar spine and sacrum. The right humenls contained many nodules 
over its surface as did the left, but to a lesser degree. Both femora presented 
bony irregularities, particularly in the upper portions. 

The patient died on April 26, 1927 and no autopsy was obtained. 

Diagnosis: The clinical analysis of the case shows that the poly- 
poid-like structure in the external ear which appeared like exuberant 
neoplastic tissue was apparently not the epidermoid cancer of skin 
TOth which the patient suffered three years ago, butwas metastatic in 
nature. The duU area of the anterior chest began about i inch to the 
right and ended i inch to the left of the sternum. In the upper mar- 
gin it began at the tip of the sternum and went down for 2 inches. 
The position of the dullness showed definitely that the tumor mass 
was situated neither in the mediastinum nor in the lungs, but in 
the intrathoracic part of the neck and consequently represented a 
carcinoma of an intraihoracic thyroid, ivitli inv.ltiple osteoporotic 
inclastascs in the skeleton. The neurological condition was second- 
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SUMMAEY 

1. Three cases of metastases in the skeleton secondary to car- 
cinoma of the thyroid are reported. 

2. In all three cases the clinical symptom complex as well as the 
evident pathology was caused by tumors in the bone. While the 
primary tumor in the thyroid was insignificant, both pathologically 
as well as clinically, compared with the condition in the skeleton, as 
a result in all three cases, the primary condition was overlooked. 

3. Whenever a diagnosis of malignant tumor in the skeleton, 
single or multiple, is made, a search must be undertaken for a pri- 
mary malignant tumor elsewhere before the diagnosis of a primary 
malignant tumor in the skeleton can be made. 

4. In such a search for a primary malignant tumor, in a female, 
next to the breast, the thyroid must be thought of, and in a male, 
next to the prostate, the thyroid must be considered as the most 
probable seat of a primary tumor. Such a diagnostic analysis is of 
importance not only from the theoretical but also from the practical 
clinical standpoint. 
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did not coincide with Hodgkin’s disease and a biopsy of the nodule 
which was situated in the right lobe of the thyroid microscopically 
showed it to be a papillary adenocarcinoma of the thyroid. 

In view of the pathological findings, the conclusion was reached 
that the symptom complex, particularly the severe pain in the 
back which was the major complaint of the patient, was due to the 
carcinoma of the second lumbar vertebra, secondary to papillary 
adenocarcinoma of the thyroid. 

Case 3. Clinical History : White female, aged 38 years. The patient was ad- 
mitted to the clinic in February, 1927, complaining of pain in the lower part of 
the back, which radiated mainly to the left thigh. The pain had continued for 
four months. Patient also complained of irregular menstruation which had con- 
tinued for the last three years. She was referred to the clinic after a diagnosis of 
carcinoma of the cervix was made outside the hospital. 

Physical Examination: Patient appeared to be well nourished. No adeno- 
pathy noted. Thyroid appeared enlarged but seemingly encapsulated and freely 
movable throughout. Examination of the pelvic organs showed no malignancy 
in the genito-urinaiy organs. 

X-ray analysis showed an area of irregular rarefaction on the left side of the 
sacrum involving the first and second sacral segments. The neurological ex- 
amination seemed to point to a tumor in the lower spine. Subsequent examina- 
tion of pelvic bones showed that rarefaction was gradually increasing in extent. 

Diagnosis: The problem to be solved was whether the rarefaction 
shown by X-rays was due to a primary sarcoma of the sacrum or 
metastatic carcinoma with primary seat located elsewhere. It seemed 
rather unusual for sarcoma of the sacrum to continue for so many 
months, or for a tvunor mass to grow out of the shell of the sacrum 
and produce a palpable mass. 

Examination showed no malignancy anywhere. The only patho- 
logical condition encountered was a small, freely movable goiter. 
Since this goiter may have been the seat of malignancy and if so 
would cause an additional severe symptom complex if allowed to 
develop further, a partial thyroidectomy was done and micro- 
scopic examination showed it to be an adenocarcinoma of the 
thyroid. 

Subsequently, in an attempt to arrest the rapid growth of the 
sacral tumor and also in order to control severe pain, a partial exci- 
sion with insertion of radium was done. Microscopic analysis of the 
tissue removed showed the identical picture of the thyroid car- 
cinoma. The condition grew worse, notwithstanding aU therapy, 
and the patient died. 
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Autopsy Report: The body is that of a well developed and well 
nourished negro child, 51 cm. in length and weighing 2500 gm. The 
skin and mucous membranes are clear, moist and elastic and show 
no signs of desquamation, eruption or fissures. There is no glandu- 
lar adenopathy or indication of birth injury. The eyes, ears, nose 
and throat are normal. The chest shows no deformation. The abdo- 
men is not distended. From the recently ligated umbilical cord there 
is no sign of hemorrhage. The external genitalia, anus and extremi- 
ties are normal. The peritoneum and pleura are dean and glisten- 
ing; neither peritoneal nor pleural caw ties contain exudate, transu- 
date or adhesions. The thymus and thyroid are normal. The lungs 
are of normal size, color and consistency. The spleen is slightly con- 
gested. The intestinal tract, pancreas, adrenals, bladder and 
lymphatic system are normal. Grossly, the epiphyses of the long 
bones show no S3q)hilitic osteochondritis. In the pericardial cavity 
are approximately 5 cc. of slightly blood-tinged fluid but no indica- 
tions of acute or chronic inflammation. The epicardium and coro- 
naries appear normal, and on removal the heart weighs 25 gm. The 
pulmonary artery contains a small postmortem dot. The heart 
walls are firm, of good color and consistency and in the heart cavities 
are small amounts of coagulated blood. The foramen ovale is dosed 
and the valves, chordae tendineae and endocardium appear normal. 
On section of the left ventricular wall, an oval, grayish white nodule 
measuring 1.25 by 0.5 by 0.5 cm. is seen, which extends from 
just below the epicardimn to the endocardial lining and is situated 
adjacent to the interventricular septmn on the anterior aspect of the 
heart. Two similar nodules 0.5 cm. in diameter are noted adjacent 
to the interventricular septum midway between the apex and the 
auricular ventricular partition, one in the anterior wall of the right 
ventricle and the other in its posterior wall. These nodules are firm, 
swollen, well demarcated, protrude slightly and reveal a small area 
of softening at their centers. 

Ristopatliology: Sections of lesions of the heart fixed in 10 per 
cent formalin and stained by Levaditi's method reveal countless 
spirochetes peppered throughout. In the accompan3dng figure some 
of the treponema are seen in focus while others appear as black 
specks. They are especially abundant in the intercellular spaces, 
around the blood vessels, and in places appear incorporated in the 
heart muscle fibers. 



MULTIPLE GUMMAS OF THE HEART IN THE NEW BORN* 


John W. Wn-tiAMS, M.D. 

{From the Department of Pathology, Tttlane University School of Medicine, 

New Orleans, La.) 


A search of the literature reveals a limited number of cases of 
syphilis of the heart in the new born that are characterized by the 
lesion known as gumma. In the majority of the cases reported there 
are lesions of syphilis other than in the heart. Virchow/ in 1858 is 
probably the first to study lesions similar to the one herein de- 
scribed, which he terms foci of syphilitic interstitial myocarditis. 
Le Count ^ in 1898, in citing a case of congenital syphilis of the heart 
in a patient who died shortly after birth, says: “The title of gummata 
is simply a matter of preference; multiple foci of interstitial myocar- 
ditis with leucocytic invasion, areas of degeneration of the heart 
muscle and the occurrence of multinudear cells resulted in areas 
which to the naked eye were limited in extent, whitish, and appeared 
softened, in other words, gummatous.” Hektoen,® Adler,^ Parkin- 
son,® and Blacklock and M’Cluskie® describe similar cases. War- 
thin 9 ’ 10 in his publications discusses syphilis of the heart in 
detail and emphasizes the importance of careful examination in con- 
genital syphilis, citing cases in which the syphilitic involvement was 
limited to the heart and occurred in no other parts of the body. In a 
later paper he states; “This form of syphilitic disease of the heart is 
an important cause of asphyxia neonatorum and unexplained sud- 
den death in early life.” The syphilitic heart lesion which I am re- 
porting is similar to the one Warthin ® terms “m3rxogumma” and is 
interesting because there is no other evidence of syphilis in the body. 

Case Report 

Clinical History: The patient was a fxill term, negro female infant, aged 3 
hours. Deliver}' was by breach; however, it was not difficult nor was there in- 
jury to mother or child. Since the condition of the child at birth was poor, 
incubation was resorted to and oxygen inhalations given. The mother’s Was- 
serman was strongly positive, but she gave no history of previous illness. She 
had been pregnant once before and was delivered of a healthy child. 

* Received for publication May 16, 1930. 
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In the case of the heart, we are dealing with an organ whose meta- 
bolic activities are great and whose cells are highly specialized. In 
the event that a small infected thrombus blocks a terminal branch 
of one of its coronaries and a severe inflammatory reaction results, 
the veins through drainage of the blocked-off area decrease the tissue 
tension of the heart muscle while the generation of toxic material 
with its resultant inflammation causes an increased tension. This 
augments the vulnerability of muscle cells to the effect of toxins and 
to the action of proteolytic ferments elaborated from the dead cells 
of the acute reaction. The result is a lesion similar to the one seen in 
this case. The bits of worm-eaten, dimly striated muscle fibers with 
nuclei intact and the accompanying cellular reaction are proof of its 
acuteness and of the enz3matic nature of the destruction wrought. 
It is therefore more correct to regard this lesion as one of localized 
syphilitic cellulitis and fulminative syphilitic myositis. This ter- 
minology is preferable to that of “gumma” since cellulitis and 
myositis accurately designate the character of the lesion. Gumma, 
as we understand it, is the broken-down and encapsulated syphilitic 
lesion. While it is possible to have true gummas of the heart mus- 
cle, none of the so-called cases reported in the new born and herein 
cited conforms microscopically to our conception of the gumma. 

Summary 

1. A case of g umm a of the heart in a negro infant that died a 
few hours after birth is reported. 

2. The term gumma as descriptive of the lesion is questioned since 
the microscopic picture is at variance with that of a gmnma. 

3. The terms localized syphilitic cellulitis and fulminative 
syphilitic myositis are suggested in its stead as descriptive of this 
lesion since it is characterized by muscle destruction and infiltration 
with lymphocytes, polymorphonuclear leucocytes, monocytes and 
plasma cells. 
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Shrunken muscle fibers, prominently striated, are seen in sections 
stained with hematoyxlin-eosin after Zenker fixation. In areas, 
varying amounts of a mucoid and vacuolated substance separate the 
muscle fibers. This substance has the appearance of debris and con- 
tains bits of striated muscle fiber, lymphocytes, plasma cells, mono- 
cytes and polymorphonuclear leucocytes and impresses one with the 
fact that muscle tissue which might once have been present had been 
dissolved and its place partially filled with the cells mentioned above. 
Other areas of muscle fibers show considerable fatty degeneration. 
Around the small arterioles is seen proliferation of the adventitia 
and infiltration with lymphocytes, plasma cells and neutrophiles. 
There is proliferation of the subepicardial tissues and infiltration 
with lymphocytes, plasma cells, monocytes and polymorphonuclears. 
Considerable congestion is noted in all areas examined and the capil- 
laries appear extremely numerous. No endarteritis is found and no 
multinuclear cells are apparent. 

Microscopic examination of the liver, spleen, kidneys, suprarenals, 
lymph nodes and lungs shows no evidence of syphilitic lesions. 

Discussion 

It is interesting to note that only a limited number of congenital 
syphilitic heart cases have been reported which have the gross ap- 
pearance of gmnma but whose lesions, studied microscopically, fail 
to substantiate this diagnosis. Probably not more than twenty 
cases of this type have appeared in the literature. The similarity of 
location of most of the lesions is an outstanding factor. They occur 
adjacent to the interventricular septmn in regions supplied by small 
branches of the posterior descending branch of the right coronary, 
and of the anterior descending branch of the left coronary artery. 
TMs leads one to believe that involvement of such a small branch is 
responsible for the location of the lesion in the musculature and that 
the mechanics of the coronaries can explain the branches involved. 

The lack of a definite category in which to place this lesion is also 
of interest. Warthin prefers to call it “myxogiunma.” The term is 
somewhat vague since so little is kno\sm of the chemical nature of 
mucins and muscle proteins and since, in any extensive lesion of the 
heart in which blood, thrombi and fibroblastic proliferations occur, 
the mucin reaction is apt to be obtained. 
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Fig. I. Enlarged photograph of heart. Note circumscribed syphilitic nodule 
anterior wall of left ventricle adjacent to septum with area of softening 
center appearing sh'ghtly darker. 

Fig. 2. Section of heart muscle stained by the Levaditi method. Note in- 
numerable spirochetes diffusely scattered throughout the lesion. 

Fig. 3. Section of heart, Zenker fixation, hematoyxUn-eosin stain. Note 
translucent, vacuolated areas of fatty degeneration of muscle fibers, separa- 
tion of individual fibers and l}Tiiphocytic infiltration around blood vessels 
and between muscle fibers. 

Fig. 4. Section of heart, Zenker fixation, hematoyxlin-eosin stain. Note 
shrunken, well striated muscle fibers separated by infiltration of lympho- 
cytes, plasma cells, monocytes and polymorphonuclear leucocytes. 

Fig. 5. Section of heart, Zenker fixation, hematoxylin-eosin stain. Note large 
area with l)Tnphocytes, monocytes, plasma cells, neutrophiles and degen- 
erated muscle fibers with nuclei. 
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SCIENTIFIC PROCEEDINGS OF THE 
THIRTIETH ANNUAL MEETING 

OF THE 

AMERICAN ASSOCIATION OF PATHOLOGISTS AND 
BACTERIOLOGISTS 


New York Citv 
April 17 and 18, 1930 


Voted to record with regret the deaths of 

Dr. Henry Albert 
Dr. Claribel Cone 
' Dr. Lydia M. DeWitt 

Dr. S. H. Gilliland 
Dr. Paul A. Lewis 
Dr. H. T. Marshal] 

Dr. Benjamin Roman 

The Thirty-first Annual Meeting of the Association will be held at 
Western Reserve University, Cleveland, Ohio, April 2 and 3, 1931. 

The special topic will be “Disease of the Liver — Exclusive of 
Tumors.” Special papers will be presented by Drs. F. B. Mallory 
and G. H. Whipple. 

The Gold Headed Cane of the Association was conferred upon 
Doctor Theobald Smith for distinguished service to pathology and 
bacteriology. 



ABSTRACT OF BUSINESS SESSION 
AMERICAN ASSOCIATION OF PATHOLOGISTS AND 
BACTERIOLOGISTS 


Voted to elect the following officers; 


President 

Vice-President 

Treasurer 

Secretary 

Incoming Member oj Council 
Assistant Secretary 


George R. Callender 
Ward J. MacNeal 
Frank B. Mallory 
Howard T. Karsner 
Oswald T. Avery 
Robert A. Moore 


ABSTRACT OF MEETING OF THE COUNCIL 

AMERICAN ASSOCIATION OF PATHOLOGISTS AND 
BACTERIOLOGISTS 

I, 

Voted to elect the following new members: Nicholas M. Alter, 
Louis Berger, Zera E. Bolin, Charles F. Branch, W. W. Brandes, 
Carl J. Bucher, Rafael Dominguez, Norbert Enzer, Hamilton R. 
Fishback, Jacob Furth, Samuel H. Gray, Robert G. Green, Francis 
D. Gunn, Ernest M. Hall, Kiyoshi Hosoi, N. Paul Hudson, Wilhehn 
C. Hueper, Benjamin S. Kline, G. Kenneth Mallory, Jessie Mar- 
morston-Gottesman, Leone McGregor, Valy MenMn, Aura J. 
MiUer, Nicholas W. Popoff, WiUiam A. Starin, Bindo deVecchi, 
Cecil Watson, Charles E. Woodruff, and Arthur W. Wright. 

Voted to accept the resignations of Drs. Katharine R. Collins, 
W. G. MacCalliun, Joseph H. Pratt, James S. Simmons, and 
Paul G. Wooley. 
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sensitize another normal guinea pig. Further, if you could take large amounts 
of human serum and inject it into normal guinea pigs, you might be able to 
accomplish this transfer with greater regularity, but you cannot use much 
more than one or two cubic centimeters. Dr. Grove’s remarkable instance of 
the passive transfer from a human being to a monkey is striking in that she 
used a very large amount of serum, and the fact that this animal had terrific 
dyspnea for fifty minutes. This was relieved by adrenalin. This animal was 
given the same injection three weeks later, and was in a refractory state which 
Dr. Grove speaks of in a footnote. In the conclusions to the paper she denies 
the importance of that striking experiment. I believe that there are many 
factors which we have to clarify, and I certainly do think that instead of criti- 
cizing the situation, we ought to continue attempting this transfer, and bring 
forth further evidence. 

Skin Reactions to the Soluble Toxic Substance of the Colon Bacillus. 
Bernhard Steinberg, Toledo, O. 

Abstract. Skin reactions to the soluble toxic substance and to the washed, 
killed bacterial bodies of a twenty-four-hour culture of a colon bacillus were 
made. Reactions read at the end of twenty-four hours appeared in a large 
number of normal adults and children who were tested. In people with colon 
bacillus infections, the reactions to the soluble toxic substance and to the vaccine 
were either absent or greatly diminished in size and degree. It is assumed that 
the skin reaction is of an antigen-antibody mechanism. Only occasionally a 
normal person had agglutinins against the colon bacillus. Immunization with 
the soluble toxic substance of the colon bacillus reduces the size and degree of 
the skin reaction against it. The soluble toxic substance has apparently weak 
antigenic properties. 

Discussion 

(Dr. E. E. Ecker, Cleveland.) I was very much interested in the work of Dr. 
Steinberg and congratulate him. There is only one question I should like to ask 
him, and that is whether he saw any infiltration in these areas, because we found 
that by repeated intradermal injection with these products into animals we 
were never able completely to reduce the size of ie inflammatory process. 
There was a reduction in size, but the areas became indurated. It is what Opie 
ralk a local anaphylaxis, and I wonder if Dr. Steinberg has seen it in his human 
experiments. 

(Dr. Steinberg, closing.) I had a personal conversation with Dr. Ecker prior 
to the meeting, and told him that in some instances we did find slight induration 
of the «^kin of these people who presented a negative reaction. I understand that 
Dr. Ecker is under the impression that he is dealing with an aller^c state in 
some of his animals. I do not know whether I can or cannot subscribe to that 
opinion yet, in the present state of my work. 

The Type Distribution op Meningococci in the United States During 
1928-1929. Sara E. Branham, Washington, D. C. 

{Abstract not received.) 

Immunologic Studies in Blastomycosis. Anna Dean Dulaney, Memphis, 
Term. 
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Further Studies on the Precipitation Test eor Syphilis. Emil Weiss, 
Chicago, HI. 

{Abstract not received) 

The Identity of Anhial Anaphylaxis and Human Allergy (Protein 
Hypersensitiveness) . Bret Ratner and (by invitation) Helen L. Gruehl, 
New York City. 

Abstract. In these experiments the blood sera of a bronchial asthmatic sensitive 
to horse dander, and of guinea pigs sensitized to horse dander by inhalation, were 
passively transferred to the normal human skin and to normal guinea pigs. 
Positive passive transfers were obtained both from the transfer of the human 
serum and of the guinea pig serum. This criss-crossing of the human reagin 
and of the anaphylactic antibody suggests that both antibodies are identical. 

Discussiojt 

(Dr. A. F. Coca, New York City.) It seems much too strong to say that the 
results obtained by Dr. EUa F. Grove and myself have been refuted by Cooke and 
Spain. We have independently tested the same sera that Cooke and Spain did 
(in fact, they obtained all of their sera from us), and we have not been able to 
obtain this passive transfer to the human skin in order to study it. Also we 
have given one serum, with which Cooke and Spain obtained positive results, 
to Dr. M. Walzer, and he has not been able in a single instance to see even a 
suggested passive sensitization of the human skin. We know that anaphylactic 
sera will sensitize guinea pigs uniformly, depending on their established sensi- 
tizing power. If we find several highly-powered anaphylactic sera which will 
sensitize guinea pigs regularly, but the human skin very inconstantly, we must 
conclude that whatever is active in the irregular skin sensitization in these sera 
cannot be the anaphylactic antibody. On the other hand,the few reported suc- 
cesses in sensitizing guinea pigs with the serum of human asthmatics have been 
so inconstant that they cannot possibly be referred to the reagens in those sera 
which will sensitize the human skin constantly, and in a certain dosage with the 
greatest uniformity. The results are so irregular on both sides that we cannot 
possibly think these two phenomena can be due to the same substances. 

(Dr. Ratner, closing.) I agree with Dr. Coca that the accomplishment of the 
transfer from the human to the animal, and from the animal to the hiunan skin 
is rather difficult, and for that reason I believe that a great deal of work shoidd 
be continued along this line. It is conceivable to imagine that injecting one 
minim of an animal’s serum into a human skin might not have enough of the 
sensitizing substance to be transferred to such an individual, that particular 
person being a normally resistant individual. The passive transfer of anaphy- 
laxis from one animal to another is not rmiform at all times. We have one 
instance where one of the animals gave birth to offspring and the offspring were 
definitely passively sensitized, and we could not take this mother’s blood and 
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Among the human cases of illness there were eleven who had had contact with 
ill parrots and who finally were considered as having psittacosis. Cultural and 
serological tests showed no evidence of infection by B. psittacosis. The aggluti- 
nation tests were repeated up to one month after the onset of the disease. 
These findings seemed definitely to exclude B. psittacosis as the etiological agent 
of the disease. 

Fortunately in one instance there became available an ill parrot and two 
patients who had come in contact with the parrot. Inoculation of parrots with 
materials from these three cases caused disease and death, and material from 
these parrots likewise caused death when inoculated into other parrots. The 
organ emulsions, when filtered through Berkefeld V filters, likewise caused 
disease and death. Tw'o successive filter passages with the parrot strain and 
with one of the human strains were successful. These results and the failure to 
find any common bacterial factor seemed definitely to indicate that the disease, 
psittacosis, was due to a filterable virus. Mice were found to be susceptible to 
the virus. 

As this demonstration was completed, Bedson, Western and Simpson (Lon- 
don) reported similar findings. Since then, Levinthal (Berlin), Armstrong, 
McCoy and Branham (Washington) have also demonstrated the presence of a 
filterable virus. 

Discussion 

(Dr. F. P. Gay, New York City.) I should like to ask Dr. Krumweide if he 
has made any observations on chlamydozoa or other bodies of that sort in either 
animals or human beings. 

(Dr. S. E. Branham, Washington.) I should like to emphasize what Dr. 
Krumwiede said about the absence of Nocard’s bacillus. At the Hygienic 
Laboratory we examined bacteriologically at least twelve birds that had 
spontaneous psittacosis infection, twelve normal birds, twelve birds experi- 
mentally infected, and material from four cases of psittacosis, one fatal, and we 
did not find, although we picked more than 400 colonies, one single culture of 
any member of the paratyphoid group of bacteria. 

(Dr, R, D. Lillie, Washington.) I have heard Dr. Krumwiede’s paper with 
much interest, and I should like to mention some other findings we have 
observed in the Hygienic Laboratory which are a little bit aside from the 
filtrations. I had an opportunity of examining histological tissues on some 
fourteen parrots and parrakeets, three of which showed lesions. One of these 
was directly associated with human cases of the disease, and the rest were 
intimately exposed to material from other parrots that were definitely asso- 
ciated with human cases. These three parrots showed focal coagulation ne- 
croses in the liver, and large Kupffer cells, and in one of them there was a pro- 
liferative reaction of the pleural endothelium. In all of the three parrots I found 
very minute coccoid and bipolar bacillary cell inclusions in the Kupffer cells of 
the liver, in the pleural endothelial cells, and also in the bone marrow. These 
findings are parallel with those from two human autopsies which I had studied 
through the kindness of the Department of Health of Philadelphia and of the 
Naval Medical School in Washington. These human cases also showed the 
focal necroses in the liver. The major lesion was in the lungs, where there was 
pneumonia with the exudate largely of large round celled type, and in these 
two cases I was able to demonstrate after prolonged search the same inclusions 
in these large round cells, both within the exudate and within the alveolar Trail. 
These cell inclusions measiure between 0.2 and 0.3 micron, and I believe they 
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Penetration or Antibodies in the Centrai Nervous System. Jules Freund, 
Philadelphia, Pa. 

Abstrad. Antibodies can be extracted from the brain and spinal cord of rabbits 
actively or passively immunized with typhoid bacilli. 

The titers of the antibodies in the extracts of brain and cord depend upon the 
titer of the blood serum. In actively immunized rabbits the following numerical 
relationships exist between the titers of the serum and of these organ extracts: 
The ration of the titer of the serum is to the titers of extract of brain and of the 
spinal cord about as 100 is to o.S; the titer of the serum is to the titer of the 
cerebrospinal fluid as 100 is to 0.3. In passively immunized rabbits the titer of 
the serum is to the titer of brain and spinal cord extract as 100 is to 0.7. 

The antibodies recovered from the brain are not due to the presence of blood 
in it, for perfusion of the brain does not reduce its antibody content appreciably. 

Antibodies penetrate into the spinal fluid from the blood even in the absence 
of inflamm ation of the meninges. When the penetration is completed, the fol- 
lowing numerical relationship exists between the titer of the serum and that of 
the cerebrospinal fluid: 100: 0.25. 

The penetration into the cerebrospinal fluid of antibodies injected intra- 
venously proceeds at a slow rate, being completed only several hours after the 
immune senun has been injected. The penetration of antibodies into the tissue 
of the brain occurs at a very rapid rate. It is completed within fifteen minutes. 

It is very unlikely that when the immune serum is injected intravenously the 
antibodies reach the brain tissue by way of the cerebrospinal fluid, or that the 
antibody titer of the cerebrospinal fluid is lower than that of the brain extract, 
and that antibodies penetrate faster into the tissue of the brain than into the 
cerebrospinal fluid. 

Discussion 

(Dr. M. B. Lurie, Philadelphia.) I should like to ask what implications follow 
from the studies on the distribution of antibodies in the brain and blood of 
rabbits, in regard to the mode of circulation and formation of cerebrospinal 
fluid. 

(Dr. Freund, closing.) Following intravenous administration of immune senun, 
antibodies accumulate first in the brain and cord and only later in the spinal 
fluid. There are more antibodies per gram of organ in the brain and cord than 
in the spinal fluid (per cc.). On this ground I believe that antibodies foimd in 
the brain and cord reach these organs through their blood vessels and not by 
way of spinal fluid. 

Of course these observations have no direct bearing on the question of what 
woifld happen if the serum were injected into the lumbar space. Work on this 
problem is in progress. 

Etiology op Psittacosis. Charles Krumwiede and (bj^ invitation) Mary 
McGrath and Carolyn Oldenbusch, New York City. 

Abstract. About Jan. 15, 1930, the Department of Health became cognizant 
that there was illness among persons in contact with sick parrots. The first 
consideration naturally was whether or not B. psittacosis was causing this 
disease. Of a total of twenty-nine sick or dead parrots received, only one showed 
the presence of B. psittacosis. This parrot had died in a pet shop, and none of 
the human beings who came in contact with it developed any signs of illness. 
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^ It was found that cells from bone marrow and spleen of tuberculous guinea 
pigs when planted in plasma from tuberculous or non-tuberculous guinea pigs 
fail to migrate and to multiply in concentrations of tuberculin prepared from 
either the human or tie bovine type of tubercle bacillus, and on the other hand 
that such concentrations of tuberculin do not interfere with the migration and 
multiplication of cells from bone marrow or spleen of non-tuberculous guinea 
pigs. When high dilutions of tuberculin are added to explants of bone marrow 
or spleen of tuberculous guinea pigs, migration of cells occurs, but the cells are 
shrunken and rounded, whereas the cells of tissues from the non-tuberculous 
animals are larger, irregular in outline and vesicular. 

Tuberculins prepared from the avian type of tubercle bacillus, from the 
various acid-fast bacilli foimd in fish, snakes, frogs and turtles, from several 
different strains of the lepra bacillus and from a number of different acid-fast 
saprophytes did not interfere with the migration and multiplication of the cells 
from explants of bone marrow or spleen of tuberculous or of non-tuberculous 
guinea pigs. Similarly tuberculoprotein, the phosphatid and the carbohydrate 
fraction of the human type of tubercle bacillus fail to inhibit the migration and 
multiplication of the cells from the bone marrow or spleen of tuberculous or of 
non-tuberculous animals. 

The addition of plasma from a tuberculous guinea pig to explants of the bone 
marrow or spleen of a non-tuberculous guinea pig does not render such explants 
susceptible to the cytotoxic action of tuberculin prepared from the bovine or 
human t3T3e of tubercle bacillus. 


Discussion 

(Dr. E. R. Long, Chicago.) Tissue culture experiments on tissues removed 
from tuberoilous animals which are sensitive to tuberculin, always raise this 
question: How far down the line of descent from the original sensitive cells does 
the sensitiveness persist? I may say that in the testes of the tuberculous animal, 
where we can see clearly the line of descent, the spermatocyte is profoundly 
sensitive to tuberculin, whereas its grandchild, the spermatozoon, is not demon- 
strably sensitive. 

(Dr. Aronson, closing.) Fisher found that fibroblasts which had been grown 
from tuberculous chickens for several generations were sensitive to the action of 
avian tuberculin. In my studies I formd that the bone marrow cells from the 
first generation of a tuberculous guinea pig became rounded and shrunken when 
tuberculin was added. 

The Mechanism of the Influence which an Infectious Process Exerts 
ON THE Immunity Response of the Organism. L. Dienes, Asheville, N. C. 

{Abstract not received.) 

Progress in Characterizing Antibodies and Antibody Action. Stuart 
Mudd, Balduin Lucke and (by invitation) Morton McCutcheon and 
Max Strumia, Philadelphia, Pa. 

Abstract. Anal 3 "sis of the mechanism by which blood senun promotes the pha- 
gocytosis of bacteria and other foreign particles has been continued. Sera which 
promote phagocytosis of bacteria or of red blood cells have been found invari- 
ably to cause certain definite changes in the surface properties of their homo- 
logous antigens, namely, increased cohesiveness, decreased surface potential 
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would be able to pass a filter, if any visible organisms can be said to pass filters 
(cf. U. S. Public Health Reports, 45, 773, April ii, 1930). 

(Dr. Herbert Fox, Philadelphia.) Is there any evidence of difference in the 
infection of parrots of this group that has come from South America, and pre- 
vious outbreaks of what has been called psittacosis as far back as tlie naming 
of the organisms in 1892? In the past twenty-four years at the Philadelphia 
Zoological Gardens there have been four outbreaks among parrots, to which 
the term psittacosis may be applied in the sense that there was a pneumonia, a 
degeneration and infiltration in the liver, and on two occasions, when the 
attempt was made, organisms of the paratyphoid-paracolon group were iso- 
lated. From what I can learn of the cases this time, the picture is not the same. 
Is there any evidence to indicate that the disease among birds is distinctly 
different from that in former years, because the psittacosis organism was not 
difficult to obtain from the previous outbreak? 

(Dr. Stuart Mudd, Philadelphia.) There are several other visible micro- 
organisms which can be said surely to pass the filter imder proper conditions. 

(Dr. Krumwiede, closing.) As regards the disease in parrots, I have no doubt 
that there is a definite B. psittacosis infection in parrots, analogous to the infec- 
tions we have in laboratory animals, in rodents, in food-producing animals 
(including ducks), and in man, as Miss Cooper and I, as well as others, have 
shown. 

With the unfortunate illness of Miss McGrath, Miss Oldenbusch and Miss 
Buzen who assisted, our work was necessarily curtailed. The material available 
was turned over to Dr. Rivers as he wished to study the virus, also the histology, 
facilities for which were not immediately available to us. 

In regard to Dr. LiUie’s important observation on tiny bodies in the tissue, I 
might add that Levinthal (in a reprint just received) states he observed coccoid 
and bacillary forms in smears from tissues and filtrates. 

A Study or the ErrEcr or Tubercle Bacillus Lipoids on the Tuberculin 
Reaction. Esmond R. Long and (by invitation) Arthur J. Vorwald, 
Chicago, 111, 

Abstract. Doses of 0.02 to 0.05 of a milligram of purified soluble tuberculin 
protein cause an intense interstitial cellular infiltration and profound degenera- 
tion of the cells of the spermatic tubules in the testes of tuberculous guinea pigs 
(tuberculin reaction). Equal doses of purified lipoids in fine colloidal suspension 
cause a slight interstitial wandering cell infiltration and no degeneration. Mix- 
ing tubercle bacillus fatty acid with tuberculin protein enhances the tuberculin 
action of the latter in that the fluid element of the exudate is greater and the 
amount of fibrin present is increased. No change in the intensity of cellular 
infiltration or necrotizing effect on the testicular tubules or spermatocytes has 
been noted. The increased fluid output suggests that an increased degree of 
toxic action on the capillary endothelium has occurred. Ultramicroscopic ex- 
amination has shown no change in the degree of dispersion of the colloidal 
particles incident to mixing the two colloidal preparations. 

The Specific Cytotoxic Action of Tuberculin on Tissue Culture. 
Joseph D. Aronson, Philadelphia, Pa. 

Abstract. The specific cytotoxic action of tuberculins prepared from the various 
acid-fast bacteria upon the bone marrow and the spleen of tuberculous and of 
non-tuberculous guinea pigs was studied by means of tissue culture. 
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precipitated by dilution and acidification has an iso-electric poiat at pH 5.1 
whereas the precipitin, uniting with the antigen, gives a specific precipitate 
whose iso-electric point is at pH 5.7 to 5.8. The differences between these two 
values may be due to altered orientation of the antibody, possibly some of the 
dissociating groups being combined, or else one of several other possibilities 
must obtain. We are investigating these questions further. 

In regard to Dr. Freund’s question, I may say that the difference between 
the minimum solubility of pH 6.6 and 6.8 which Felton found for his anti- 
pneumococcus antibodies, and our value of pH 5.6 to 5.8 does offer a very 
important point of departure for further analysis of what this antibody protein 
is. Felton and I have been in communication, and intend to go ahead and begin 
further analysis of this point in the next few days, but I have no other data 
to offer at the present time. 

The Buchner Renaissance in Immunology. W. H. Manwaring, Stanford 
University, CaUf. 

Abstract. There is convincing evidence that injected antigens undergo a series 
of biochemical “hybridizations” in animal tissues, and suggestive evidence 
that the resulting antigen-" hybrids” become semipermanently “symbiotic” 
with these tissues, both terms, of course, being used metaphorically. 

There is convincing evidence that some of these antigen-" hybrids” have 
properties simulating those of specific antibodies, but no proof thus far that 
they are identical with these antibodies. 

The "hybridization” metaphor, however, fmmishes a logical and consistent 
explanation of all known facts of specific immimological adaptation, and is the 
nearest approach to a complete immimological theory that can be formulated 
at the present time. 

There is no proof at the present time, however, that antigen “hybridization” 
is the only mechanism of specific immunological adaptation, and no suggestion 
that such “hybridizations” are not supplemented by non-specific functional 
mutations and h3qDertrophies. 


Discussion 

(Dr. F. P. Gay, New York City.) I should like to speak with enthusiasm of 
this work of Dr. Manwaring’s, as I made experiments in 1912, embodied in two 
typewritten pages of manuscript which was never published, because I could 
not repeat the results. I made a mixture of normal horse and rabbit serum, and 
incubated it, and in one instance I found precipitins on adding horse serum to 
the mixture, but I was never able to repeat it, and I am glad to find I was 
probably right, after all. 

(Dr. F. M. Himtoon, Glenolden.) I should like to add to Dr. Gay’s experi- 
ence. Once by incubating an extract of pneumococcus Type I with the juice 
obtained from cabbage, I was able to say later that this mixture contained 
agglutinins for the pneumococcus. Later I showed that it contained protective 
antibodies also. Like Dr. Gay, I never published my results, because I spent 
three months trying to repeat them, 'and could not do so. 

(Dr. Stuart Mudd, Philadelphia.) I think it is only fair to Dr. Arthur Locke 
to say that he has done the same thing by incubating red blood ceUs with semm, 
and by treatment with ether, splitting off hemolysins, and he has pubhshed his 
results. 



SCIENTIFIC PROCEEDINGS 


589 


difference and increased resistance to wetting by oil. Similarly, but with certain 
exceptions, sera which cause these characteristic changes in the antigen surfaces 
also promote phagocytosis. The phagocytosis-promoting, agglutinating and 
surface effects are in quantitative correspondence. A similar striking corre- 
spondence has been found between the agglutinating, surface and phagocytosis- 
promoting effects caused by the euglobulin and pseudoglobulin fractions of 
antibacterial sera. 

Following the technique of F. S. Jones, collodion particles were coated with pre- 
cipitinogen and then treated with homologous precipitin sera and their protein 
fractions. The same sera and serum globulin fractions cause specific precipita- 
tion, agglutination or phagocytosis according to the conditions under which they 
are allowed to react with their homologous antigens. 

Agglutinating, surface and phagocytosis-promoting effects have thus been 
found to be quantitatively parallel. This quantitative correspondence of the 
several effects of a serum or serum globulin fraction has been formd both for 
antibacterial and for antiprotein sera and their globulin fractions. All of the 
effects are consequences of the deposit of sensitizing serum substances on the 
antigen surface. The surface deposit so produced by maximal sensitization with 
homologous rabbit antiserum has similar properties whether deposited upon 
acid-fast bacteria, upon erythrocytes, or upon precipitinogen-coated collodion 
particles, i. c., the sensitized surface has wetting properties characteristic of protein, 
is cohesive, and has an iso-electric point between pH 5.5. and 5.8. These are the 
properties also found for specific {immune) precipitate. 

These studies thus bring evidence of a new sort in support of the following 
simple generalization: The combination of antigen and antibody is determined by 
specific chemical affinities. The effiects following this combination, namely, precipi- 
tation, agglutination, changes in surface properties and phagocytosis, are conse- 
quences of the properties primarily of the antibody-protein combined with and 
deposited upon the antigen surface. 


Discussion 

(Dr. C. B. Coulter, New York City.) The point which Dr. Mudd has em- 
phasized with regard to the shift of the iso-electric point toward the more alka- 
line region is I think a rather important one. There are plenty of people who 
would say that the immune body is a perfectly independent substance and not 
an essential part of the protein with which it is associated. K that were the case, 
we should not expect the shift which Dr. Mudd has described. The explanation 
which was discussed by Dr. Mudd seems to be not wholly satisfactory, that is, 
the presence of fibrinogen which has itself a more alkaline iso-electric point than 
that of the euglobulin cannot be the explanation. The data of Dr. Mudd sug- 
gest that the immune element of the protein molecule may involve the proper- 
ties of the molecule as a whole; this is perhaps reflected in the orientation of the 
protein molecule in the process of combining with antigen in the immune 
reaction. 

(Dr. Jules Freund, Philadelphia.) Is it possible to isolate from immune serum 
obtained from the rabbit a substance that has an iso-electric point of pH 5.7? 
Dr. Felton isolated a verj' potent substance from immune horse serum, which 
has an iso-electric point (minimum solubility) at pH 6.6. 

(Dr. Mudd, closing.) I can only agree \vith Dr. Coulter’s remarks. There is 
one item of e\'idence I did not stress which points in the direction he has indi- 
cated, namely, that the euglobulin, which is one of the active fractions, when 
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Discussion 

(Dr. A. S. Warthin, Ann Arbor.) About six years ago I found in the crypts 
of two tonsils that came in the ordinary diagnostic work in my laboratory, 
organisms similar to these. At that time I regarded them as simply spore case^ 
of some unknown mold, but since then our attention has been drawn to the 
EJiinosporidimn. I believe that they represent RJiinosporidium. Dr. Weller 
thinks it is probably a new species. I sent photomicrographs of these two ton- 
sils to Dr. Talliaferro in Chicago, and he regarded them as RJiinosporidium 
seeberi, but asked to see the sections, which I have not sent him as yet. If they 
prove to be RJiinosporidium seeberi these will make the fourth and fifth cases 
on record in North America. It is interesting that one of these cases was a 
yoimg female, which would be the first case in which a female was infected. 

Cellular Immunity in Acquired Avian Malaria. P. R. Cannon and (by 
invitation) W. H. Talliaferro and L. G. Talliaferro, Chicago, 111. 

Abstract. Previous papers in this series by Talliaferro and Talliaferro demon- 
strated a definite immunity to superinfection in canaries infected with Plas- 
modiuin cathevierium and indicated that this immunity is not associated with a 
humoral antibody, inasmuch as serum from birds with latent malarial infections 
was without both protective and curative action on the development of the 
parasites in normal birds. 

The present paper reports observations on the cellular reactions in the tissues 
of normal birds and of others superinfected. The tissues were fixed, sectioned 
and stained with Maximow’s hematoxylin-eosin azur II. In the normal birds 
it was found that phagocytosis begins as soon as parasitized red blood cells are 
injected, being most pronounced in the spleen and liver, and consisting in the 
ingestion of the parasite-red cell combination rather than of individual mero- 
zoites. In spite of a constant rate of phagocytosis, many parasitized red blood 
cells escape ingestion and sporulation occurs with extension of the infection. 
Thus, the process advances until a crisis occurs on approximately the eighth day, 
after which time the rate of phagocytosis apparently exceeds the rate of repro- 
duction and the infection becomes latent. 

In the superinfection, however, the parasitized red blood cells injected are 
removed from the circulating blood stream extremely rapidly, so that within 
twenty-four hours there are few survivors to sporulate. This altered reactivity 
seems to be due to an actually increased number of actively phagocytic cells 
within the spleen and to a less degree in the liver. Because of this fact, the 
parasitized red cells are quickly removed from the blood and the superinfection 
terminated. The mechanism of the immunity then, is an increased rate of 
phagocytosis by the cells of the reticulo-endothelial system, resulting from an 
increased number of actively functioning phagocytic cells which are present in 
birds with latent infections. 

The Protective Efeect or Splenic Transplants in Albino Rats Against 
Bartonella Muris Anemia. David Perla and (by invitation) J. Mar- 
morston-Gottesman, New York City. 

Abstract. Bartonella muris anemia is an infectious disease occurring in albino 
rats following the removal of the spleen. It may be transmitted into norma 
young rats and young rabbits by the injection of whole blood from anemic 
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(Dr. A. F. Coca, New York City.) The theory that antibodies are composed 
of antigen united with some normal body substance is attractive; however, the 
theory seems to face serious difBculty because of the long period of time during 
which antibodies are often produced after inconsiderable antigen injections. It 
is a well knowm fact that antibody production can continue, and often does 
continue throughout life after only a very moderate contact with the antigen, 
as in the case of antitoxins in what we c^ the naturally immune person. This 
could be explained, in a way, under the theory, by assuming a continual contact 
with the antigen throughout life after the antitoxin has once been formed, but 
Park’s observations seem to have settled that argument very conclusively when 
he showed that an attempt at active immunization in babies who were still 
immune because of the transfer of passive immunity from the mother to the 
child, did not, after a short period, show an acquired active immunity. Just 
as many of these children become susceptible after this treatment as would 
have been expected if they had not received the injections. In other words, the 
antigen contact in the presence of antibodies is not sufldcient, under these con- 
ditions, to continue the antigenic stimulation. Therefore we still have to ex- 
plain why antibodies continue to be produced throughout life. Also, we have the 
facts brought out by Heinbecker’s study of the Eskimos, who presumably do 
not come in contact with diphtheria bacilli at all, and still show an immunity to 
diphtheria. 

These considerations point to antibody production as the secretion of a 
S3mthetic body similar to the secretion of enzymes, rather than as an elimination 
of antigen conjugated with a normal body substance. 

The Cytochrome of Bacteria. C. B. Coulter (by invitation) and F. Stone 
(by invitation), New York City. 

Abstract. The intracellular pigment cytochrome which is foimd in all living 
plant and animal cells except the anaerobic bacteria, was originally observed 
by McMunn, and was rediscovered and renamed by Keilin. We have studied 
the occurrence of this pigment, particularly in the corynebacterium group of 
bacteria. The four absorption bands observed by McMuim and Keilin are 
found by spectroscopic examination in suspensions of living bacteria of all the 
members of the group. In addition there is found a band lying in the red por- 
tion of the spectrum. Filtrates of cultures show no selective absorption except 
in the case of toxin-producing diphtheria bacilli, and in filtrates of these the 
intensity of selective absorption runs parallel with the amoimt of toxin present. 
The characteristic absorption spectrum may, therefore, be that of the toxin 
itself. It has been possible by spectroscopic examination alone of different 
filtrates, to determine the presence and approximate amount of diphtheria toxin. 

Rhinosporidium Seeberi: Pathology and Report oi Third North Ameri- 
can Case. Carl V. Weller, Ann Arbor, Mich. 

Abstract. The clinical findings and histopathology from the third case of 
RJiitwsporidiuni seeberi to be reported from North America are described. The 
stages of the development of the parasite, as well as the character of the accom- 
panying granulation tissue, are illxistrated, as far as is possible. The foreign 
body giant cell reaction which succeeds the rupture of the old cysts is described 
for the first time. 
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tion due to the participation of the neutrophile. The presence of “myeloid” 
giant cells, which are megalokaryocytes, in the spleen, liver and lungs, suggests 
a similarity between the process and Hodgkin’s disease. 

The daily leucocyte records of the animals show a close parallelism with the 
histopathology found. In practically every instance the leucocyte picture 
became septic in t3T)e a short time before death occurred. 

A group of rabbits inoculated six months previously with living human 
tubercle bacilli were given an intravenous injection of avian tubercle bacilli, 
the same amoimt being given to a group of controls on the same diet. The 
injection of human tubercle bacilli had caused a local abscess which ruptured 
and healed, as did the subcutaneous inoculation of avian tubercle bacilli. The 
animals had normal blood counts and were in excellent physical condition at the 
time of their avian inoculation. 

One of these rabbits died within seven days. The remaining animals lived 
from four to five months. These animals showed marked involvement of kidneys 
and joints. There were a few tuberculous foci in the lungs and liver. The histo- 
pathology was similar to that seen in chronic tuberculosis in human beings. 

Daily leucocyte records showed the establishment of a septic leucocyte picture 
long before death of the animal. This corresponds closely with the leucocyte 
picture present in chronic progressive human tuberculosis. Here again the 
leucocyte picture closely parallels the histopathology present. 

The Relative Phagocytic Ability of Monocytes and Leucocytes. Balduin 
Lucke, Max Strumia (by invitation), Morton McCutcheon (by invitation), 
and Stuart Mudd, Philadelphia, Pa. 

{Abstract not received) 

The Use and the Reasons for the Use of Thiocresol to Stimulate 
Wound Healing. Stanley P. Reimann, Philadelphia, Pa. 

Abstract. Since Hammett has shown that the sulphydryl group (-SH) is essen- 
tial for cell division, this group, when presented in proper concentration to 
cells, should stimulate mitosis. The healing of wounds is essentially a matter 
of cell proliferation; consequently -SH compounds should hasten healing. The 
question to which group the -SH radicle should be attached is apparently not 
of essential importance although it is of practical interest. Of a number of com- 
pounds tried, thiocresol proved quite advantageous. Theoretically at least, 
when this compound is split, the small amount of cresol present tends to inhibit 
bacterial growth, while not interfering materially with mitosis of the tissue 
cells. On old wounds, ulcers, and so on, it is used as a wet dressing in a i :io,ooo 
solution. Certain practical points must be observed, such as the maintenance 
of proper growth balance between epithelium and granulations, etc. 

Experimental Studies IN Poliomyelitis. Richard Thompson (by invitation), 
New York City. ' 

Abstract. Efforts to adapt the virus of poliomyelitis to the rabbit organism and 
to produce poliomyelitis in rabbits by testicular injection, and by brain injec- 
tion after testicular passage, produced no evidence that the virus could be 
adapted in this manner. Suggestive symptoms produced in very young rabbits 
were duplicated in non-specifically treated and in uninoculated controls. The 
admixtmre of a vaccine virus adapted to the rabbit organism, with the polio- 
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splenectomized rats and the strain of the virus maintained by repeated passage 
in young rats. 

We have succeeded in isolating a strain of Bartonella mitris anemia from 
normal non-splenectomized adult rats by injecting the blood of the anemic 
rabbit into young rats. This demonstrates the fact that the adult rat is a 
carrier of the virus Bartonella muris anemia. It is found further that splenec- 
tomy in suckling rats is not foUowed by the Bartonella nuiris anemia since during 
the suckling period the rat is not a carrier of the virus. 

Trypanosoma lewisi infection in adult normal rats is accompanied by Bar- 
tonella muris anemia. The trypanosome infection produces profound changes 
in the pulp tissue of the spleen. Functional injury to this pulp tissue produces 
the same effect in the adult albino rat as splenectomy, in lowering the resistance 
to the Bartonella infection. 

Less than one-fourth of the spleen left in situ is sufficient to prevent the devel- 
opment of the Bartonella muris anemia. Autoplastic transplants of small pieces 
of splenic tissue made six weeks prior to the removal of the spleen prevent the 
development of Bartonella anemia in over 50 per cent of the rats, whereas trans- 
plants made four weeks prior to splenectomy do not protect. Histological 
examination of the transplants in the animals that were protected from the 
anemia reveals complete regeneration of all elements of the splenic tissue, both 
malpighian bodies and pulp cells. In the rats that were unprotected, the splenic 
transplants showed complete regeneration of the malpighian bodies, but ex- 
haustion destruction of the pulp tissue. This demonstrates that the pulp cells 
of the spleen are specific in the protective mechanism of the rat to Bartonella 
muris anemia. 

Discussion 

(Dr. P. R. Cannon, Chicago.) In studying this question a year or so ago, we 
made somewhat similar observations. In our experience we found that the only 
rats that did not have this infection were from the Wistar strain. In studying 
the spleens of these animals and the ones that had the Bartonella infection, 
the difference was clearly one of increased amount of phagocytic tissue in the 
animals with the Bartonella virus, with large splenic follicles rich in mitotic 
figures in the case of the infected animals, whereas the lymphoid follicles were 
compact and small in the animals free from infection. We had a similar experi- 
ence in removing a large proportion of the spleen. As much as three-fourths of 
the spleen was removed udth no anemia resulting; two weeks later, however, 
the removal of the remaining fourth was followed by the typical so-called 
Bartonella anemia. 

Avian Tuberculosis in Normal and Vaccinated Rabbits. E. M. Medlar, 
Mt. McGregor, N. Y. 

Abstract. Virulent avian tubercle bacilli when inoculated subcutaneously into 
rabbits cause a local abscess which ruptures and heals. The rabbits do not 
develop generalized tuberculosis and do not succumb to the subcutaneous 
inoculation. 

Rabbits inoculated intravenously with i mg. or more of virulent avdan 
tubercle bacilli always succumb to the infection in from two weeks to a month. 
A study of the histopathologj' of such animals shows extensive involvement of 
spleen, liver and bone marrow. The cell chiefly concerned in the reaction is the 
mononuclear leucocj’te or monocj'te. Many lesions show slight abscess forma- 
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Four or more weekly or biweekly injections of filtrate followed by injections 
of live organisms caused in addition to the above-mentioned degenerative 
lesions, acute glomerulitis, focal infiltrations of lymphocytes, especially in areas 
where previous tubular degeneration had occurred, and scattered patches of 
early fibrosis with compensatory dilatation of the tubules. In 15 per cent of 
the animals, glomerular nephritis with characteristic epithelial crescents, early 
fibrosis of tufts and pericapsular fibrosis were also observed. Preliminary altera- 
tion due to toxin apparently renders the glomeruli more susceptible to action 
of live organisms with a resulting production of chronic glomerular lesions. 

The Relation of the Type of Renal Epithelial Repair and Renal 
Function to the Number and Type 01 Casts in the Urine. Wm. DeB. 
MacNider, Chapel Hill, N. C. 

{Abstract not received) 

Chronic Foci of Infection Experimentally Produced. Virgil H. Moon, 
Philadelphia. Pa. 

Abstract. The usual methods of animal inoculation are not suited to the study 
of chronic focal infections. They do not approximate the conditions present in 
human diseases. A new method for producing foci of infection in animals is 
reported. 

Applicators of cotton are loosely wound on No. 20 or No. 22 rustless wire so 
that slight force will slip the swab from the wire. A trocar and canula are 
inserted into the region to be inoculated, the trocar is withdrawm, leaving the 
canula in place. The applicator is dipped into the material to be inoculated and 
is inserted through the canula. The swab is pushed quite beyond the end of the 
canula. Then, upon withdrawing the wire, the end of the canula pushes off the 
cotton into the tissue or body cavity. The canula is then withdrawn. 

The method is a simplified procedure for implanting infection in a porous 
substance within the tissues. The foreign substance serves to maintain the infec- 
tion against effective body resistance. The method is well suited for producing 
chronic foci in subcutaneous and intramuscular areas and in the body cavities. 
By exposing the viscera, infection may be implanted in the spleen, liver, gall 
bladder or other structures. In such instances smaller canulas and correspond- 
ingly smaller applicators are used. 

Dogs, which are so resistant to ordinary inoculations that they are seldom 
used for the purpose, are easily infected by this method. When inoculated with 
streptococci, masses of infected granulation tissue 3 to 5 cm. in diameter develop 
in a few weeks. The inoculated organisms are regularly recovered from the 
inoculated focus and frequently from the substance of other organs. Strepto- 
cocci have been recovered in pure culture six to ten months after implantation. 

Only young dogs and rabbits have been used in these experiments. The 
pathological changes resulting from these chronic foci of infection include ver- 
rucose endocarditis with rheumatic nodules in the heart musculature, skeletal 
muscles and subcutaneous tissue, acute vegetative endocarditis with multiple 
infarctions, periarthritis, osteo-arthritis -with anklyosis and deformity, neph- 
ritis of various forms, splenic atrophy and fibrosis, proliferative endarteritis 
and others. 
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myelitis vims in similar injections and passages, did not aid the adaptation. 
The vims of poliomyelitis, whether alone or mixed with vaccine vims, does not 
survive twenty-four hours in the rabbit testicle. 

No neutralizing substances against poliomyelitis vims could be produced in 
rabbits by the repeated intraperitoneal and intradermal injection of poliomye- 
litis virus or of poliomyelitis-vaccinia vims mixtures. 

Although attempts to infect monkeys by intrastomachic injections, after bile 
irritation of the mucosa, were entirely negative, evidence was obtained that 
repeated intrastomachic injections after bile irritation may produce an appre- 
ciable degree of immunity. 

No evidence could be obtained that the cellular elements of the blood contain 
the vims in any greater proportion than the whole blood. 

Specific and Special Inflammations of the Nervous System. Simon 
Flexner, New York City. 

Abstract. During the past twenty-five years, largely because of the extensive 
epidemics of meningitis, poliomyelitis, and encephalitis which have prevailed 
in that period, much attention has been directed to infections of the central 
nervous organs. At the present time, attention is being concentrated on enceph- 
alitis, of the epidemic form or of the variety to which the designation “post- 
vaccinal and allied conditions” is being applied. The important fact that 
herpes vims is capable of inducing encephalitis in rabbits, guinea pigs, rats, and 
mice, and occasionally in monkeys, has come to play a significant part in the 
supposed etiology of epidemic encephalitis. 

The purpose of the present report is to draw attention to the multiple inci- 
tants of encephalitis, and hence to distinguish between encephalitis as a clinical- 
pathological condition and epidemic encephalitis, which appears to be a specific 
infectious disease. Just as there are multiple incitants for the dinico-anatomical 
condition to which the term “diphtheritis” is applied, and a specific incitant of 
the disease diphtheria, so, probably, there are also many sources of encephalitis 
and, probably, a single etiological source of epidemic encephalitis. If this view 
is correct, then the mere production of encephalitis in animals does not imply 
the experimental reproduction of epidemic encephalitis. 

Production of Glomerulonephritis in Rabbits by Streptococcus Hemo- 
LYTicus. Maud L. Menten, Pittsburgh, Pa. 

Abstract. Four strains of Streptococcus hemolyticus, two of which belonged to the 
Streptococcus scarlatinae group, were used. Intravenous injections of 0.5 to i cc. 
of filtrates of the above, produced degenerative changes in the endothelium of 
the tuft. A few of the glomeruli were pale and bloodless, but the majority were 
congested and the endothelium was vacuolated. Injections of 5 to 10 cc., of 
larger amounts of the toxin precipitated from the filtrate, caused widespread, 
marked degeneration of glomerular endothelium and granular degeneration of 
tubular epithelium accompanied by varjdng amounts of hemorrhage into the 
capsular spaces. 

Repeated injections of the filtrate (0.5 to i cc.) resulted in destruction and dis- 
appearance of many secretory units. In a few cases as many as 50 per cent of 
the glomeruli had disappeared when the animal was killed. Remaining glomeruli 
showed swelling, congestion and vacuolation of the endothelium. 

Repeated injections (i cc.) of suspensions of live organisms gave similar 
results but of much less intensity. 
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the number of bacterial species isolated from this region was quite limited. 
From one to six varieties of organisms were cultured from the cervix in the 
present series of cases. 

As stated in the previous report, again the intradermal tests gave variable 
results with bacterins prepared from apparently the same bacterial species when 
recovered from distant foci of the same patient. For example, a staphylococcus 
aureus derived from the cervix gave a three plus (+++) reaction, while one 
from the sputum gave a negative reaction; a staphylococcus albus from the 
cervix also gave a three plus ( + + +) reaction, while one from the nasopharynx 
gave a negative reaction. On the other hand, a close correspondence between 
the reactions often occurred from like organisms from distant foci. This inter- 
esting biological distinction was previously suggested as offering an especially 
refined method of studying varieties and subspecies of an organism in particular 
instances by means of the skin test in the hypersensitive patient. 

Report oi the Lymphatic Tumor Registry. George R. Callender, Wash- 
ington, D. C. 

Abslraci. At the last report to this Society loo cases had been contributed to 
the Lymphatic Tumor Registry of this Association, the period covered being 
approximately four years. In the past year sixty-three cases have been received, 
a rate of increase of 250 per cent. I wish to take this opportunity to thank the 
members of this Association for this increased support. The response to my 
plea is very gratifying, but the rate of receipt of these cases is still far below 
what it ought to be. Very few of the cases received during the past year have 
been cases in which the diagnosis was easy. 

The greatest value can be reached from this Registry only if the maximum 
effort is made by those registering cases to follow the cases to their conclusion, 
or over a sufficient number of years to ascertain the character of the condition. 
I believe the difficulties in diagnosis and prognosis of this class of tumors are 
due to the fact that individuals and groups do not foUow up their cases. I 
further believe that we shall be able to offer definite assistance in diagnosis 
when and only when we have a sufficient number of cases which have been so 
followed up as to determine their nature and the changes which occur during the 
coiurse of the pathological processes. 

Please make an additional effort to send in particularly your doubtful cases. 

The accompanying table presents a summary of the first 150 cases in the 
Registry. This smnmary is not intended as a classification, but it does show 
the divisions found to apply to those cases so far received. 


TimoR Registry, 1930 

Lymphosarcoma 

No mobilization in blood 16 

With leukemia (acute) i 

Lymphoblastoma (confined to lymphatic stmctures) 

No mobilization in blood o 

With mobilization in blood 15 

Leukemic 6 

Reticulum cell sarcoma 22 

(One case with lymphatic leukemia) 
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Further Studies on the Cervix Uteri as a Focus or Infection in Chronic 
Arthritis. L. W. Famulener and (by invitation) Frederic J. Matthews, 
New York City. 

Abstract. About six years ago we began our studies on chronic arthritis from 
the etiological and the therapeutic standpoint. The chronic inflammatory con- 
dition exhibited by this disease would indicate that it is probably induced by an 
irritant, possibly of infectious origin. As a basis for the investigation, it was 
assumed that various infectious agents might be responsible for the condition, 
and that their toxic products might induce a hypersensibility of certain tissues 
or structures of the body. If this assumption were true, the specific hypersen- 
sibility might be manifested by the skin when properly tested by the causative 
toxic agent. Therefore the problem was approached by making careful studies 
of the bacterial flora of all possible infectious foci in the patient. In each in- 
stance, autogenous vaccines were prepared from the organisms isolated from 
these sources, standardized, and by means of intiadermal tests it was deter- 
mined whether or not the patient showed a skin hypersensitivity to them. 
Those organisms which gave positive skin reactions were selected for thera- 
peutic purposes in the treatment of the patient. 

Among the foci of infection, the cervix has been suggested as of much im- 
portance in certain cases of chronic arthritis in the female where instances of 
the disease are relatively high. In a preliminary report submitted to this 
Society two years ago, this particiflar focus was considered, and the results of 
our observations on a series of approximately seventy-five consecutive cases 
were discussed. Cultures had been taken, under aseptic precautions, from the 
os and high up in the vagina, and planted in duplicate on blood agar slants, 
“hormone” agar, and dextrose broth. One set was grown aerobically and the 
other anaerobically. By that method, approximately 20 per cent of the cases 
yielded no bacterial growth from the cervical material. As that method of cul- 
turing had not proved satisfactory, the media which were used in the earlier 
studies were discontinued, and during the past two years, the Rosenow dextrose- 
brain-broth medimn has been employed with much better results. In the pres- 
ent series of cases, in only one instance out of thirty-five, no growth developed 
from cervical material, and in no instance did we fail to get a growth from the 
vagina in thirty-eight cases. Therefore it has become the routine procedure to 
use this particular medium and no other in making cultures of materials from 
the cervux and vagina. It is especially valuable in the culturing of the strepto- 
coccus and the enterococcus groups. In this report the bacteriological findings 
from both the cervix and vagina are combined, as owing to their intimate ana- 
tomical relationship, much similarity occurs between their respective flora, 
although marked distinction between the two not infrequently occurs. The 
organisms isolated in the order of their frequency from these combined sources 
were as follows; 


Staphylococcus albus (all types) 76 - 1 - % 

Streptococcus (all types 66 — % 

Enterococcus (all t3q)es) 55 + % 

B. coli (all types) 42 -F % 

Staphylococcus aiureus (all types) 16 — % 


Diphtheroid bacilli were occasionally found; the tetragenous in one case; 
Gram-negative coccus, one case; micrococcus albus type, one case. As noted. 
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definite histological changes. There were eleven patients who died from chronic 
diseases and no striking changes were found in the thyroid in this group. 

It was stated that sections were taken from people of various ages, and a 
rather large group has been studied in the hope of finding a uniform histological 
picture for normal people of different ages. So far no conclusions have been 
drawn as to what is normal tissue for the different ages, and I must disagree 
with Hertzler when he states: “For practical purposes I am convinced that if one 
keeps in mind the various changes normal to the different periods of life as 
above indicated, the histology of the thyroid gland will be found to be fairly 
constant, rendering it unnecessary to asstune that it undergoes changes unkno^vn 
in other organs.” 

In studying patients with thyroid diseases, one is at times unable to place 
the case in one of the groups given for the classification of goiter, such as adoles- 
cent, adenomatous or exophthalmic goiter, and one frequently sees cases change 
from one t5q)e to another while under observation. From this histological 
study it would seem also that a diagnosis made purely on the histological picture 
without taking into consideration the clinical history and laboratory data is 
also open to error, and it seems that one will be forced to consider the different 
tjrpes of goiter merely as a stage of a continuous disease and not a definite clinical 
entity, as has been believed in the past. 

Discussion 

(Dr. G. McC. Robson, Philadelphia.) This paper has interested me greatly. 
Dr. MacFarland and I have reported a study of a series of loo thyroids secured 
at autopsy from individuals of various ages, dying of various diseases, acute and 
chronic {Arch. Path., 1929, 7 , 628-639). We found just what has been reported 
here — that there was no correlation between the structure of the thyroid and 
age, sex, color or morbid condition of the patient. The variations which we 
observed were even greater than those in the slides presented here. 

Pseudo Tuberculosis of the Thyroid Gland. Plinn F. Morse, Detroit, 
Mich. 

Abstract. The favorable prognosis which has heretofore been attached to so- 
caUed tuberculosis of the thyroid has been the subject of frequent comment by 
various writers. It has been known that although the thyroid gland operated 
upon for some type of goiter might show on microscopic examination large 
numbers of so-called tubercles, the patients usually run a favorable course and 
react in the usual manner to the thyroid operation, without later succiunbing to 
tuberculous infection, either in the thyroid region or elsewhere. 

The cases of so-called tuberculosis of the thyroid have usually failed to present 
tuberculous lesions in other parts of the body, and the postoperative search for 
other signs of tuberculous infection has been negative. 

The cases that have been diagnosed at the Harper Hospital as tuberculosis of 
the thyroid have run a favorable coturse, and all of the patients are at present 
living and well, several years postoperative, with the exception of one patient 
who died seven years after operation from acute intestinal obstruction — cause 
unknown. 

The histological study of the lesion seems to justify the assumption that 
probably the epithelioid reaction resembling tuberculosis is a result either of 
some other infection, or some metabolic disturbance which causes the colloid 
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Hodgkin’s Disease 

Cellular lo 

Sclerosing i8 

Sarcomatous 12 

Mycosis fungoides (and Tb.) i 

Lymphoblastic erythrodermia i 102 

Myelogenous leukemia 4 

Myeloma i 

Chloroma 3 

Infectious mononucleosis (?) 2 

Undiagnosed 14 

Lymphoepithelioma 5 

Carcinoma 12 

Inflammation (i Tb.) 7 . 48 


Discussion 


150 


(Dr. William Boyd, Winnipeg.) I should like to say that in the classification 
of these tumors there are remarkable differences of opinion. Just a week before 
leaving Winnipeg I received a report of a case which we sent to the Registry 
some time ago in which the initial lesion was in the nasopharjmx; there were 
large glands in the neck, and the patient finally died. There were three opinions 
sent to me from the Registry. The first was that the case was a reticulum cell 
t5^e of l3Tnphosarcoma; the second, from another man, that it was a transi- 
tional cell carcinoma, and the third, from still another man, that it was a case 
of acute Hodgkin’s disease. These three opinions came from men high up in 
this special field of pathology, but I was left very much in doubt about the case, 
and I should like to ask Dr. Callender how my case is to be classified. 

(Dr. Callender, closing.) As we have no classification, the Registrar, who is 
really the clerk of the committee, makes a temporary decision which is based 
on the classification shown there this morning. 


Histological Studies of the Thyroid Gland. J. William Hinton (by 
invitation). New York City. 

Abstract. Since the question frequently arises as to what constitutes normal 
and abnormal thyroid tissue, we have obtained for study sections from people 
whose deaths were due to accidental causes. These cases vary in age from 
stillbirths to 89 years. As a means of comparison there are also sections from 
people who died from acute and chronic diseases. 

By Jan. i, 1930, sections from 107 cases had been studied. It was intended to 
get sections from a large series of cases, rather than serial sections on a few cases, 
as these would represent more nearly the pathological reports that are received 
from operative specimens. So far there have been eighty cases of accidental 
death from which sections of the thjToid have been studied. There are also 
twenty-seven cases from patients d}dng from some systemic disease, and it was 
thought best to divide them into two groups: (i) cases of acute diseases, 
patients dying in less than three weeks from the onset of the disease; and (2) 
chronic diseases, those extending over months or years. There were sixteen 
deaths due to acute diseases, but the sections in this group failed to reveal an}”^ 
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and cell debris are spiUed into the interstitial tissues. This phenomenon is 
usually regarded as terminal, but it is evident from a study of the literature and 
some twenty-five cases of thyroiditis in patients entering the University of 
California Hospital that minor infections or intoxications, perhaps even emo- 
tional shock and over-stimulation of the sympathetic system, may induce a 
similar degeneration of glandular elements. Since such patients do not die, 
there is an opportunity for a reaction to take place, and this is usually in the 
form of lymphoid cell infiltration or proliferation. Plasma cells and monocytes 
may be present, the latter sometimes in the form of giant cells. Pseudogiant- 
cells are formed by masses of colloid which contain the degenerate nuclei of 
epithelial cells. 

The most constant picture is a rather diffuse desquamation of epithelium, the 
nuclei appearing in the previously contained colloid within the acini, and a 
diffuse inffltration with lymphocytes. These latter cells, as well as plasma cells, 
seem to arise in situ, as evidenced by the number of mitotic figures present in 
them. Stages in the degeneration of thyroid epithelium appear to be a swelling 
with fatty degeneration, desquamation and loss of nuclei, and later a breaking 
down of the substantia propria, so that agglomerations of cytoplasmic masses 
occur. These eventually disappear, but the process in some cases becomes 
progressive and prolonged even after (so far as can be determined) the initial 
stimulus has disappeared. This tendency to progression gives rise to the con- 
dition known as chronic thyroiditis, and with great overgrowth of lymphocytes 
and the concomitant proliferation of fibroblasts, the condition known as Riedl’s 
struma may be the end-result. 

Coincident with the degeneration of thyroid cells a more or less active regen- 
eration usually takes place. This may be insufficient to take care of physio- 
logical demands, and so symptoms of hypofunction or even myxedema may 
occur. Or there may be a sufficient regeneration, and we get the histological 
picture of a moderately h)q)erplastic gland (associated with thyroiditis), but no 
symptoms of thyroid dysfunction. This regeneration may proceed to any degree, 
and a group of qur cases exhibit the signs of thyroiditis (pain, pressure on the 
trachea, hoarseness, etc.) along with the vague symptoms of hyperfunction; 
and a last group show histologically a marked overregeneration and hyper- 
plasia, associated with frank and definite symptoms of exophthalmic goiter. 
During this process of regeneration the lymphocytes gradually become less 
diffuse, become clumped, and in late stages definite lymph follicle formation 
occurs — the “Ijunphoid exhaustion” picture of Dr. Warthin. A further stage, 
conjectmred only, would be a frank hyperplasia of the thyroid with character- 
istic lymphoid cell accumulations and without signs of thyroiditis or cellular 
degeneration. It would seem that a small proportion of typical th3uoid hyper- 
plasias might develop in this manner. It would be unwise, however, to infer 
that any considerable number pass through these stages. 

Discussion 

(Dr. A. S. Warthin, Ann Arbor.) I should like to ask Dr. Connor about the 
administration of iodine in these cases. Most of them impress me as being 
examples of iodine treatment. 

(Dr. E. T. BeU, Minneapolis.) I want to ask Dr. Connor what the relation 
of this exudative type of thyroiditis is to Riedel’s struma, ligneous thyroiditis. 

(Dr. Connor.) In answer to Dr. Warthin’s question, there was never any 
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of the gland to assume the role of a foreign body. By a study of our cases here, 
I am impressed that the tubercle results as an effort to absorb and wall-off 
colloid -which has presumably undergone some change -which makes it a foreign 
body. On the basis of these arguments, I am inclined to think that the question 
of tuberculosis of the thyroid should be left open for further re-vdew, in that 
strong doubt is cast upon the assumption that the Koch bacillus is the etiological 
factor. 

Discussion 

(Dr. A. S. Warthin, Ann Arbor.) I should like to ask Dr. Morse if any of 
these patients have been subjected to radiation. We have had a large number 
of patients with pseudotubercle of the thyroid of this nature in our material, 
and in aU the cases except two, the thyroids had all been subjected to radiation. 
As a result of the irradiation, the acinar cells are necrosed, and the colloid acts 
as a foreign body excitant, and foreign body giant cells appear. While true 
tuberculosis of the thyroid is more common than one would suspect in the 
literature, these pseudotubercles are very common. I am quite sure in most 
cases they are the result of radiation. 

(Dr. Da-vid Marine, New York City.) I should like to ask Dr. Morse whether 
he said guinea pig inoculations had been made, or not. 

(Dr. Alfred Plant, New York City.) When I read the title on the program, I 
expected to hear something about infection of the thyroid gland with the bacillus 
of pseudotuberculosis. The name “pseudotuberculosis” is meant for an infec- 
tion with this bacillus. It would be better, for the sake of nomenclature, to caU 
the lesions which Dr. Morse described, tubercle-like foreign body reactions in 
the thyroid gland. 

(Dr. Ginsburg.) I should like to ask what were the clinical symptoms, and 
what were the diagnoses before operating on these patients. 

(Dr. Morse, closing.) As to Dr. Warthin’s question relative to the radiation, 
I do not know about that. That matter could be looked up from the histories, 
but it had not occurred to me. 

As to the question of guinea pig inoculation, my point was that this is the 
weak place in our investigations. We have not done animal inocidations, and 
the nature of our material makes it impossible. In some laboratories where 
frozen sections are done routinely, such work might be productive. 

I agree with Dr. Plaut that “pseudotuberculosis” is a bad term, and the 
condition should be called a tuberde-like foreign body reaction. 

The clinical symptoms were those of the various adenomas of the thyroid, — 
the various forms of toxic thyroid that come into a routine thyroid clinic for 
operation. 

Chronic Thyroiditis. Charles L. Connor and (by in-vitation) H. H. Searls, 
San Francisco, Calif. 

Abstract. The designation “ thyroiditis” dates back to the earty days of Kocher. 
His students, and surgeons in general, retain the name. There is some doubt, 
however, among pathologists as to whether such a condition actually exists. 
We wish to present a selected group of cases which, for want of a better name, 
have been classified as chronic toxic thjHoiditis, and to illustrate a possible 
way in which they might develop. 

It has long been kno-wn that acute infections and intoxications may cause 
degeneration of the thyroid epithelium and acini, and that as a residt colloid 
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trols with normal thyroid showed 2.652 and 2.116 mg. Further controls were 
made with a carcinoma of the breast and an adenocarcinoma of the uterus. 
Both were negative. The figure 0.673 seems to be the highest for the iodine 
content of an ovarian struma ever obtained, and it seems high enough to help in 
asserting that these thyroid-like ovarian tumors can behave functionally in a 
way similar to thyroid gland. The fact that one specimen, in spite of looking 
exactly like the others under the microscope, contained no iodine whatever, is 
certainly important. No difference could be noted in the Mallory stain. Most 
of the examinations for iodine that have been reported in the literature do not 
reveal any iodine in the ovarian struma. In the face of the positive findings, 
however, it did not seem admissible to draw definite conclusions from the 
frequent absence of iodine. The microscopic pictures were not suggestive of 
embryonic th3'roid tissue, which may be found free from iodine. 

Some of the cystic cavities in the specimens contained material which looked 
different from the clear, brownish yellow th3T:oid secretion in the struma-like 
portions. This material gave no reaction for pseudomucin. None of the speci- 
mens contained structures which could be compared with a pseudomucinous or 
serous cyst adenoma. Glandular structures, as may be found in any ovary 
which is examined in many sections, were present. No statement can be made 
about their possible connection with the ovarian strumas. 

The older literature on the subject deals mainly with the problem whether 
or not the thyroid-like tissue originated in the ovary itself. This question is 
settled. There remains the problem: Why does thyroid tissue occasionally grow 
to such large masses in the ovary? This problem is similar to the one concerning 
the predominance of the skin, teeth and bone in the dermoid cysts. The findings 
of Erwin Bauer that in his specimen the struma started from the surface epi- 
thelium, are obviously correct, judging from the pictures given in his paper. 
The literature deals mainly with the general conclusions Bauer has drawn from 
his serial sections and justly disapproves of them. But the fact remains that 
ovarian struma can originate from the surface epithelium. With the exception 
of Walthardt’s three specimens, no complete serial sections are reported, and 
therefore nothing is known about the relations between surface epithelium of 
ovary and ovarian struma. 

The frequent presence of ascites is clinically important, because generally 
ascites together with an ovarian tumor is taken as a sign of bad prognosis, while 
ovarian struma, in most instances, has proved to be benign. 


Blood Vessel Invasion in Adenomas of the Thyroid Gland. Shields 
Warren, Boston, Mass. 

Abstract. From 1923 to 1927 inclusive, thirty-four cases of adenomas of the 
thyroid showing definite invasion of blood vessels by clusters of tumor cells, but 
lacking any other evidence of malignancy, were found among the thyroid mate- 
rial received from the Lahey Clinic. None of these cases was suspected of 
mafimancy dinicaUy. Two cases showed recurrence, one in three months and 
one in ten months, and both patients died mth multiple lung metastases, re- 
soectively ten months and two years after operation The other thirty-two 
natients are Uving and well, from seven to two and a half years after operation, 
LLpt for one patient dying of carcinoma of the uterus two and a half years 
Mter a thyroid operation. Thus, blood vessel invasion may be the only sign of 
malignancy in a smaU proportion of adenomas of the thyroid gland. 
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iodine given these patients, except the last few who had definite symptoms 
of hyperplasia. These few patients were given Lugol’s solution; the others 
were not. 

Riedel’s struma apparently is a t>T)e of chronic thyroiditis, and some of these 
cases could have been called Riedel’s struma. 

(Dr. Warthin.) May I ask about the possibility of these patients having 
taken goiter cures? In numerous cases in which the th3Toid presents evidence 
of the overuse of iodine, the physician has stated that the patient has had no 
iodine treatment, only to discover later that the patient had been taking a 
"goiter cure’’ containing iodine for many months. 

(Dr. Connor, closing.) I cannot answer that; I do not know. 

Strtjma of Ovary. Alfred Plaut, New York City. 

Abstract. Three specimens of ovarian struma (from three hospitals) were 
studied. The time elapsed since the operations was too short for definite clinical 
judgment. The ages of the patients were 47, 35, and 55 years of age. The gross 
aspect of the specimens added nothing new to the descriptions in the many 
reports in the literature. In all three specimens, other tissues were found besides 
the thyroid tissue, thus confirming the generally accepted opinion that ovarian 
struma is a teratoma thj'reoideale. In two of the specimens all the tissues were 
benign; in the one from a woman 47 years of age, a large portion of the tumor 
was solid and gave a picture of carcinoma in the gross, as well as microscopically. 

The thyroid character of the ovarian struma was obvious in all three speci- 
mens. The staining qualities of the contents of the follicles were typical. The 
three differently colored types of secretion were found with the staining method 
of E. J. Kraus. Papillary protrusions with high cylindrical epithelium and epi- 
thelial buds with high cells were present, giving the picture often seen in struma 
of a thyroid gland. It is possible to compare the structure of the malignant 
tumor in the one specimen with the rare type of trabecular adenoma of thyroid 
gland as described by Masson. The fact that this tumor was gelatinous did not 
preclude the possibility of its having a common origin with a thjuoid-like struc- 
ture. True mucin has been described in adenoma of thyroid by Nikolsky and by 
Wegelin. This possibly common origin is further suggested by the fact that 
mucin-producing soUd tumor and typical thyroid struma are intimately mixed 
in large areas. And, furthermore, there are follicles in which the mucin and the 
typical thyroid secretion are found together. The ropy appearance of the mucin 
in the fixed tissue, together with the red color of the mucicarmine form a dis- 
tinct contrast with the homogeneous, pale blue-staining thyroid secretion. It 
must be stated that the structure of the carcinoma-like tumor is similar also to 
some ovarian carcinomas, but the variety of ovarian carcinoma is so great that 
there is hardly any carcinoma which cannot be compared with one or another 
tjpe of ovarian cancer. 

All three specimens were examined for iodine. The method of Kendall and 
Richardson {J. Biol. CJiem. 1920, 43, 161), was used. In one specimen, four 
analyses showed no iodine, while controls with normal thyroid gland gave figures 
from 1.70 to 1.88. In the second specimen 0.025 mg. of iodine were foimd per 
gram of dried ovarian struma. This figure compares with the figiures of Robert 
Meyer (0.014 mg-) and of Neu (0.02 mg.). In the specimen which contained the 
carcinoma-like mass, the thyroid-like tissue and the solid carcinoma-like tissue 
were examined separately. Two analyses of the thyroid-like tissue showed 
0.673 and 0.634 mg., while the solid, cancer-like tumor gave only 0.004. Con- 
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plasia of the thymus, and the other anatomical stigmas of the thymiclymphatic 
constitution. In addition, they present certain constitutional peculiarities of 
their own kind. Not all cases of thymiclymphatic constitution will present the 
Graves’ disease syndrome, although all cases of the latter will possess the chief 
anatomical stigmas of this constitution. All forms of Basedowian or Graves’ 
S5miptoms represent the abnormal reactions of a primary pathological anomaly. 
Basedowian or Graves’ disease, “toxic goiter’’ and “toxic adenoma” are patho- 
logical reactions potentially predetermined in the individual at birth, by virtue 
of his constitutional anomaly. The potential Graves’ constitution may be recog- 
nized histologically in the thyroids of very young children. To the underlying 
pathological and clinical entity of exophthalmic goiter, toxic goiter and toxic 
adenoma, I have applied the term “Graves’ constitution.” 


Discussion 


(Dr. David Marine, New York City.) I quite agree with Dr. Warthin in 
regard to Graves’ disease, that there is an anlage, a constitutional defect behind 
it. However, I cannot agree that they are all bom with Graves’ disease, and 
think the constitutional defect, which closely resembles that of status lym- 
phaticus, can be acquired, and also can be congenital or hereditary. The ac- 
quired form develops around the menopause. It has something to do with 
insufficiency of the suprarenal cortex and the gonads. The older view spoke of 
Graves’ disease complicated by status lymphaticus. I think that the lympho- 
blastic overgrowth is an integral part of Graves’ disease. We can readily pro- 
duce this lymphoblastic overgrowth by removing the suprarenal gland in any 
of the laboratory animals. Suprarenalectomy causes complete thymic regenera- 
tion in the rabbit and rat, and also hypertrophy of the lymphoid tissue in other 
parts of the body. 

(Dr. H. L. Jaffe, New York City.) I should like to ask Dr. Warthin whether 
he found lymphoid hyperplasia in the thyroid in patients who were not toxic 


and were iodized. 

(Dr. D. P. Seecof, Cleveland.) This is in line with Dr. Jaffe’s question. In 
Colorado I was impressed by the large number of cases that had been iodized 
thoroughly, but on gross examination of the thyroid coming to the laboratory, 
I would diagnose it hyperplasia, because the thyroid was dense, grayish white, 
and showed no colloid. The picture was exactly as Dr. Warthin described it, 
and if it were not for the few groups of acini scattered through the gland, one 
would think he was dealing with a lymph node. But I cannot agree with Dr. 
Warthin regarding the difference in amoimt of Ijnnphoid hyperplasia in the 
adenoma (the toxic adenoma) with or without S3T:nptoms. I could find no 
difference between the amount of lymphoid h3rq)erplasia present in the adenomas 
from patients with, or without, symptoms. 

(Dr. L. W. Smith, New York City.) The Lahey Clinic is very much interested 
in this question. In some 2000 cases of thyroid disease which we had the oppor- 
tunity to section, we tabifiated the cases, and grouped the lymphoid involve- 
ment on the bases of -f, ++ , + + +, and + -f- + +• ^ over 40 per cent of the 
cases of hyperthyroidism it is perfectly true one finds this lymphoid hyperplasia; 
in the remaining 60 per cent no hyperplasia is found. As this stimulated our 
interest I took a series of normal thyroids, or at least thyroids removed rou- 
tinely during the course of autopsies for offier diseases, and in those mstances 
wTwe able to find lymphoid hyperplasia throughout the thyroid gland m 
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Skeletal Metastases in Carcinoma 01 the Thyroid. Isaac Levin, New 
York City. 

AistracL This study represents a continuation of several years of investigation 
of the pathogenesis of skeletal metastasis in carcinoma. The formation of these 
metastatic tumors in the bone, in the opinion of the author, depends not so 
much on the channels of transportation of the tumor emboli, as on the inter- 
action between the proliferation of the transported tumor cells and the pro- 
tective resistance of the adjoining normal tissue. 

The significance of the thyroid in this study is due to the phenomenon that 
presumably benign tumors of the thyroid, and even normal thyroid tissue may 
form metastases. 

From the clinical standpoint, the importance of the subject lies in the fact 
that the whole clinical symptom complex may be due to the skeletal metastatic 
tumors, while the primary carcinoma in the thyroid may cause no symptoms. 
In the cases reported, the condition in the bone w’as considered clinically to be 
primary, and the diagnosis was made only on the biopsy material. 

Notes on Certain oe the So-called Sarcomas oe the Thyroid. Lawrence 
W. Smith, New York City. 

{Abstract not received.) 

The Thymus Gland in Toxic and Non-Toxic Goiters. Alfred S. Giordano, 
South Bend, Ind. 

{Abstract not received.) 

The Interacinar Epithelium oe the Thyroid Gland. Alan Richards 
Moritz, Cleveland, O. 

Abstract. By means of silver impregnation of the periacinar reticulum and wax 
plate reconstruction of thyroid gland, it is shown that new acini are formed 
by intra-acinar and extra-acinar proliferation of epithelium. The extra-acinar 
proliferation is in the form of small solid or tubular buds which, w'hen cut tan- 
gentially, may have the appearance of rests of undifferentiated interacinar 
epithelium. In hyperplastic areas of normal glands, and in glands the seat of 
pathological hypertrophy and hyperplasia, a labyrinthine intercommimication 
of acini exists. 

Discussion 

(Dr. William Boyd, Winnipeg.) Three different schools of thought are repre- 
sented in this paper. The first school stresses the importance of the interacinar 
epithelium. The more one studies these pathological thyroids, the more one is 
convinced of the budding outwards, as well as the inward budding of the acinar 
epithelium. I have some slides I would like to show taken from the lesion called 
fetal adenoma. I think one can see the budding in this type of lesion much 
better than in the hyperplastic thyroid of Graves’ disease. In a section like this 
one can trace the proliferation of the lining cells with greater ease than in cases 
of Graves’ disease. The two slides show the same picture, but are from different 
patients. 

The Signieicance oe the Lymphoid Tissue in Exophthalmic Goiters and 
So-called Toxic Adenomas. Aldred Scott Warthin, Ann Arbor, Mich. 
AbstracL Exophthalmic goiter and “toxic adenoma” alwaj^s present the patho- 
logical picture of hyperplasia of the primitive lymph nodes of the thjnroid, hyper- 
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■with colloid, if the iodine store is at least 0.2 mg. per gram of fresh tissue, and if 
the epithelium is low cuboidal, we have an adequate standard of normal. 

2. Hypertrophies and Hyperplasias: All the work that has been done, whether 
■with experimental regeneration following partial removal or the spontaneous or 
experimental production of goiter, shows that thyroid enlargement begins as a 
work hypertrophy and hyperplasia, and that in their developmental stages they 
are essentially the same for all animals. The sequence of events appears to be 
as follows: There is a decrease in iodine store, a decrease in the stainable colloid, 
an increase in the blood supply and a change in the epithelium from low cuboidal 
to high cuboidal and columnar. All gradations of this series of changes are 
observed from the earliest departure from normal to the extreme overgrowths 
of the marked hyperplasias. 


Considerable confusion has arisen because pathologists have not always 
borne in mind the fact that progressive and regressive changes may succeed 
each other in rapid order and that the progressive and regressive changes are 
highly variable, both in degree and duration. Thus most goiters undergo hyper- 
plasia and involution many times during their life history and each of these 
cycles entails certain morphological differences which may be misleading when 
too great emphasis is laid on any one detail. Thus, variations in the stroma, 
variations in the size of the follicle and colloid content alter the blood supply 
and possibly the nervous control which in turn modify secondary regeneration 
by giving rise to patchy or insular hjqjerplasia. 

3. Colloid Goiter: Colloid goiter may be defined as the involution or as the 
return of an active hyperplasia to the condition nearest to normal, physiologi- 
cally, chemically and anatomically, that a gland which has once been actively 
hyperplastic can assume. As is now well known, involution induced by iodine 
administration is identical -with that occiuring spontaneously. There is nothing 
degenerative or atrophic in the process of involution, although such glands may 
be the seat of highly degenerative or atrophic changes. Complete proof of this 
is established by the fact that colloid goiters regenerate as readily as normal 
glands foUo’wing partial removal or when placed under a potent goitrogenic 
influence. The processes involved in the formation of a colloid goiter are the 
reverse of those involved in active regeneration or hyperplasia; that is, the blood 
supply decreases, the iodine store rises, the epithelium becomes cuboidal and 


the colloid increases in density. The development of a colloid goiter by the 
passive dilatation of normal th3T:oid follicles, I believe, is impossible. 

4. Exhaustion Atrophy or Sclerosis: While involution to colloid goiter or 
physiological recovery is the usual mode of termination of compensatory hyper- 
plasia, it occasionally happens, especially in endemic cretinism and in exoph- 
thalmic goiter, that the maximum degree of hyperplasia reached and the maxi- 
mum capacity for function fail to bring about physiological compensation, and 
sooner or later a state of thyroid exhaustion supervenes, that is, atrophy in 
spite of attempts at regeneration. The essential changes appear to be analogous 
to those seen in atrophic cirrhosis of the liver; that is, they are the result of long 
continued hyperactivity and injury without sufficient physiological rest. In 
the first stages the appearance of such a thyroid differs very little from any 
other extreme degree of hyperplasia, save for the increase in stroma. Later, 
desouamation, atrophy and necrosis result. The ceUs become highly variable 
in size and staining intensity. The nuclei also become irregffiar sometimes 
Slarged, hyperchrLatic and sometimes pyknotic. The colloid is greatly 
Seed and as the process continues the follicles are reduced to nests of irregular 


cells in a dense stroma. 



SCIENTmC PROCEEDINGS 


607 


15 per cent of the cases, so while I agree with the major premise of Dr. Warthin 
that there may be a constitutional idiosyncrasy with respect to this lymphoid 
relationship and hyperthyroidism, I do not feel it is quite as sharp and clear-cut 
as he would indicate. 

(Dr. Warthin, closing.) There are patients with Graves’ disease who go all 
their lives without any symptoms. We w'ould expect to find a certain number of 
cases showing lymphoid hyperplasia where the patirat never develops ex- 
ophthalmic goiter or toxic adenoma. Those cases which the gentleman from 
Boston mentioned are cases of quiescent Graves’ disease, a potential Graves’, 
hut they may never develop it clinically. They have the possibility of having 
clinical Graves’ disease, but they may never have it; as in the case w'here the 
patient went fifteen years, but still showed the lymphoid hyperplasia, and I am 
sure still has a big thymus. That is no argument against my theory , but only 
helps out my view. 

In regard to Dr. Marine’s statement of it being acquired, I do not believe the 
thymicolymphatic constitution is ever acquired. It is always congenital. 

The Essential Thyroid Changes in Goiter. David Marine, New York City. 

Aistraci. Perhaps the greatest difiiculty in understanding and classifying the 
essential changes in goiter has arisen from the fact that the thyroid is a very 
labile tissue, capable of rapid progressive, and even more rapid regressive, 
changes in all periods of life. In the life history of most goiters there are many 
of these cycles, and obviously, in a gland normally composed of retention cysts, 
each succeeding cycle becomes morphologically more complicated and more 
diSicult of interpretation. This tissue lability and the long duration of goiter 
have led to the inclusion, as Virchow pointed out seventy years ago, of a great 
variety of secondary and terminal degenerative changes with the essential 
changes. 

The clue for their separation was furnished by Baumann’s discovery of iodine 
as a normal constituent of the thyroid. The extensive studies on the relation of 
the morphological changes to the iodine store, in both the naturallj’- occurring 
and experimentally produced goiter which resulted from this discovery, have 
made it possible to work out a scheme of the sequence and relative importance 
of the major features of the thyroid cell and to separate the primary from the 
secondary changes. 

Another cause of confusion has been the attempt to bring the morphological 
features into specific relationship with prevailing clinical classifications of 
human thyroid diseases, rather than to bring the clinical classifications into 
relation with the morphology, which is clearly a more constant and more natural 
standard. Thyroid hyperplasia is analogous to leucocytosis and has no more 
specific relation to metaboKc diseases than leucocytosis has to infectious diseases. 

^ Comparative studies have shown that the essential changes in goiter are 
similar in all the species of animals studied, and that they can be arranged in a 
comparatively simple scheme. When large series of human thyroids (autopsy) 
are studied in the light of the comparative pathology, the same cycle of changes 
IS found so that one can arrange these morphological changes in a scheme that 
a equately presents the tjqie and sequence of the changes which compromise 
the cell cycle in goiter. 

« The thyroid is so labile that to insist on too strict a definition of 

noma mvUes quibbling and defeats the object of establishing a practical 
standard. If the gland does not exceed 25 gm. in weight, if the follicles are filled 
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Abslracl. (a) Despite the extensive literature on this clinical subject there are 

anatomy of the spleen. This article sum- 
m nzes the finding m twenty-five acceptably diagnosed cases. The main 
features of the results are as follows. 

The most important gross lesion is the infarct. Practically eveiy case shows 
perisplenitis, whether an infarct exists or not. 

In early stages the organ is not greatly enlarged, but suggests a soft splenic 
tumor of the congestive type. In the later stages the organ is definitely enlarged, 
due to hyperplasia of its constituent tissue and to the inflammatoty and hyper- 
plastic changes incident to infarctions. 

Hyperplasia of lyrnphatic elements proper is not a feature of this^disease; on 
the contrary those tissues are inactive. Hyperplasia of cells of the reticulo- 
endothelial series is not seen early but appears more evident as the disease 
progresses. 


Marked disease of the blood vessel linmg is not an outstanding peculiarity of 
this disease. Evidences of blood destruction are missing in early, but present 
in older cases. Degenerations and coagulation within germ centers are fre- 
quently observed. 

Structures suggesting Bracht-Wachter bodies have been seen several times. 
Clasmatocytes are occasionally seen but rarely in any number. Polynuclear 
neutrophiles are very prominent in spleens of this series of bacterial endo- 
carditis cases. Eosinophiles are also frequently seen. 

However, if we approach the scoring from the direction of the average change 
in each of the microscopic tissues, some light can be thrown upon the location 
in which the major changes are occurring. Instead then of making a sum of the 
score for each case, the clinicopathological groups are tabulated and their respec- 
tive values averaged, the relative values for different diseases may become 
apparent. The group diagnosed as Banti’s disease can be used as an example of 
the computation; they are listed in order of their duration. 
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5, Siruma Nodosa: One of the secondary features of goiter in man requires 
especial notice, namely, the development of nodules of glandular tissue in long- 
standing human goiters, so-called adenomas. These growths have something 
in common with true tumor and also usually retain many of the physiological 
attributes of normal th3T:oid tissue. Knowledge of these growths is at present 
very inadequate. The fact that they are limited almost entirely to human 
goiters renders experimental approach difficult. That they are an integral part 
of diffuse goiter is shown by the fact that all nodular goiters, in their earlier 
stages, were diffuse goiters. This is shown in Wegehn’s well known study. As 
to their origin, the idea of Woeffler that they arise from fetal rests, and the 
unfortunate term “fetal adenoma” introduced by Billroth have so influenced 
thyroid pathology during the last fifty years that it is (fifficult to undo the harm 
which this conception has introduced. While one cannot deny that occasionally 
congenital adenomas may arise from fetal rests, there can be no question that 
practically all of them arise from fully differentiated thyroid tissue and that 
their origin is intimately bound up with repeated hyperplasia and involution in 
long-standing goiters. This process, by altering the blood supply and nervous 
control, and through pressure effects, leads to insular, irregular and localized 
hyperplasias which eventually become so independent as to lose some of their 
physiological attributes and take on certain of the characteristics of tumor. 

6. Lastly, I would like to call attention to the efforts Wegelin has been 
making to arrive at an acceptable international classification of the principal 
stages of goiter. If the principal features could be grouped in some acceptable 
way, the intermediate or subgroups could be left largely to individual fancy 
without endangering our ability to understand what is meant. It seems to me 
the following classification would include the essential major divisions in their 
sequential relations; 

I. Struma diffusa 

1. Struma diffusa parenchymatosa 

2. Struma diffusa parenchymatosa et coUoides 

3. Struma diffusa colloides 

4. Struma diffusa sderosa (exhaustion atrophy) 

II. Struma nodosa (adenomatosa) 

1. Struma nodosa parenchymatosa. 

2. Struma nodosa parenchymatosa et colloides 

3. Struma nodosa colloides 

4. Struma nodosa sderosa 

A Sttidv of the Islands of Langerhans in Vivo. Beniamin N. Berg, New 
York City. 

Abstract. The islands of Langerhans were studied in the pancreas of the living 
white mouse under amytal anesthesia. Microscopically, they appeared as bril- 
liant yellowish white bodies on the surface of the less refractile yellow pancreas, 
or attached to veins. Accurate observations were possible only when the islands 
were situated at the surface of the pancreas. Great variations were encountered 
mth respect to the number of islands that were superficial. 

In suiteble preparations the drculation in the islands was distinguished 
clearly The capillaries appeared as thm, thread-like loops that had U, S, V or 
spiral shapes and dipped into the substances of the glands. The circulation was 
extremely rapid and changes were noted in the capillary pattern. Rhythmic 
spontaneous contractions were observed in the small arteries. 
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The features were reduced from an original charting of 20 to 13, and this will 
have to be reduced still further. Sums of the numerical values of the characters 
do not permit distinct groupings of the spleens of the various forms of splenic 
anemia, nor do these scores differ sufficiently from those of purpura or bacterial 
endocarditis. In the limited group of viridans cases there is a rough separation 
of the spleens of acute and those of more protracted cases. Thus, the more acute 
cases range from 12 to 15, while the more chronic examples range from 14 to 19. 

The only contribution this work can offer now is that an attempt is being 
made to schedule organic changes in the spleen in a munerical formula with the 
hope that some grouping wiU appear. The next steps are two — the formulation, 
around main characters, of the changes in less variable ones, and the com- 
parison of numerical formulas assembled according to the clinicopathological 
diagnoses. Attempts to show that deductively, spleens will fall into groups that 
have a pathological significance have not been discarded. The features used are 
the following: foUicles and germ centers, pulp and its splenocytes, sinuses and 
their endothelium, blood vessels, number and condition of wall, fibrous tissue, 
recticulo-endothelial cells, blood, pigment, neutrophiles and eosinophiles. Ad- 
ventitious characters do not receive numerical values. 

A {Comparison op Four Lines op Mouse Leukemia, Transmitted by In- 
oculation. Maurice N. Richter and (by invitation) E. C. MacDowell, 
New York City and Cold Spring Harbor, N. Y. 

Abstract. In previous communications we have reported the presence of an 
inbred strain of mice in which lymphatic leukemia occurs with great frequency, 
and the fact that the leukemias occurring spontaneously in this strain may be 
transmitted to normal young mice of the same strain by inoculation with 
emulsions of tissues. 

From each of the spontaneous cases used as donors for the transmissions, a 
line of inoculable leukemia was obtained, transmissible apparently indefinitely 
by inoculation. 

In these lines of experimental transmissions we have observed varieties of 
manifestation similar to those occurring in spontaneous cases. Some mani- 
festations, however, have occurred so frequently in certain lines, and infre- 
quently in others, as to indicate the presence of differences in the inocula pre- 
pared from each. 

The transmissions of the several lines were carried on in parallel experiments, 
the host animals all being from the same inbred strain, and frequently from the 
same litter. Consistently reappearing differences in the lines are not, therefore, 
due to differences in the hosts. 


Discussion 

(Dr. J. Furth, Philadelphia.) We have also succeeded in transnutting leu- 
kemia of mice. By intravenous inoculations leukemia is produced in a higher 
percentage of experimental animals than by intraperitoneal inoculations, and it 
may be transmitted even to a strain of mice in which spontaneous leiiemia has 
not been observed. This necessitates some modification of the genetical theory 
of McDowell and Richter on susceptibility to transmitted leukemia. about 
twenty-five days after the inoculation, about 20 per cent of the moculated mce 
developed a syLmic enlargement of thelymph nodp, followed a few days later 
brS^involvement of the circulating blood, leukemia produced by mtravenous 



SCIENTIFIC PROCEEDINGS 


6ll 


From these results the major tissue changes in B anti’s disease are dilatation of 
sinuses and fibrous tissue overgrowth, well known features of the disease. But 
this emphasizes the inactivity of the splenic lymphoid elements and the reticulo- 
endothelial system. Pigment is shown to be increased. In the group of splenic 
anemia, secondary anemia and hematemesis, we find follicular and connective 
tissue, and reticulo-endothelial cells contributing to the splenomegaly. 

In the hemolytic anemias, blood, reticular cell increase and fibrosis are the 
causes of enlargement. The purpura spleen has as its dominant change, sinus 
dilatation, bloodiness and reticular cell increase; on the whole it is an inactive 
spleen. In those cases in which the splenomegaly is the dominant feature of the 
case and there is no hepatomegaly, all parts of the spleen may be actively in- 
creased, but this is most marked by the high scoring of follicles, reticular cells, 
sinusoid structures and fibrous tissue. This is different from the cases in which 
enlargement of both organs exists and it seems to be independent of which organ 
enlarged first. The contrast is not great but is sufficient to note. In combined 
splenic and hepatic enlargement, blood vessel changes, sinus endothelial in- 
crease and fibrosis are much more marked than in the simple splenomegalies, 
which are for the most part inactive in lymphoid tissue, sinus endothelia are 
very prominent, reticular cells easy to find and fibrosis the highest scoring 
feature. 

In the spleen with lymphocytosis, of which we have but two examples, there 
are lymph tissue atrophy, dilatation of sinuses, increase of fibrous tissue and 
richness of blood. 

In splenomegaly accompanied by polynucleosis there are prominence of lym- 
phoid tissue and excess of blood, while the pulp and its contents seem inactive. 

The tissues contributing to the enlargement of the organ in subacute bacterial 
endocarditis are the sinus endothelium and the sinus size, blood and adventitious 
neutrophiles. 


(&) The difficulty of giving a name or dassifiable description to many spleens 
that are chronically enlarged, received from operation or autopsy, suggested the 
possibility of grouping them according to a system based on numerical values 
given arbitrarily to the principal anatomical features. The thought grew from 
a request made by a surgical colleague to score spleens as epithelioma is scored. 
The idea was first rejected as impossible but, an attempt being made, the writer 
found that a rough grouping did occur in two relatively easily separated groups, 
one showing splenomegaly, hematemesis and fibrosis, and the other showing 
splenomegaly, purpura and pulp hyperplasia without l3Tnph element participa- 
tion. Mathematicians assured the writer that if the anatomical features adopted 
represented the correct selection and if the changes adopted were correct, it 
was acceptable to build formulas upon their digital arrangement or on their sum. 
This is by way of answering the question of the numerical value of a quality, 
ecause the changes in splenic pathology would be as much qualitative as 

quantitative. 

A large chart was made, putting into columns all the gross characters of the 
whole organ and its section surface, all the characters seen under the micro- 
scope. H within normal Ivmits they were evaluated at 2; if inactive or atrophic 
or ess than normal their score was i, and if larger, more active or hyperactive 
in anyway, the figure was 3. To this were added columns for adventitious 
c anges such as infarct, which w'ere graded o or i. It was fmmd shortly that 
ronng o whole organs or section surfaces led to no grouping whatever, where- 
pon scormg was confined to microscopic findings. 



6 14 AMERICAN ASSOCIATION OF PATHOLOGISTS 

It was necessary to use relatively large doses of parathormone to produce 
fibrous changes in the bones of guinea pigs. The doses can be given to the 
guinea pig without producing fatal hypercalcemia, and the animal’s ability to 
withstand such large doses may be related to the alkaline diet of this animal. 

Even one dose of 6o units given to a guinea pig weighing 300 gm. produces 
extensive resorption, cessation of bone formation and infraction of the cortex 
within forty-eight hours. Such guinea pigs may die with extensive bone de- 
struction, if the large doses are continued. We produced bone changes in guinea 
pigs with as little as 10 units of parathormone daily, and with 20 to 30 units 
daily for two or three weeks we obtained very extensive resorption and fibrosis 
of the bones. 

In the dog, if the doses are large enough to produce rapid bone changes, fatal 
hypercalcemia may result. However, we have been able to prevent hyper- 
calcemia in dogs on as much as 20 units of parathormone daily and have pro- 
duced in these dogs generalized bone resorption with lacunar erosion, fibrosis, 
cysts and osteoid tissue — all criteria for the diagnosis of ostitis fibrosa cystica. 

Discussion 

(Dr. Paul Klemperer, New York City.) I think this excellent paper is a very 
important contribution to decide the long debated question whether the para- 
thyroid hyperplasia so often found in osteitis fibrosa generalisata is the cause or 
the result of the calcium deprivation of the skeleton. Previous experience, 
namely the observation of parathyroid hyperplasia in generalized bone carci- 
nomatosis, has always caused me to consider the hyperplasia the result, and not 
the cause of the bone destruction, but I feel the presentation of Dr. Jaffe and 
his co-workers speaks entirely in the other direction. It is of course very im- 
portant to decide this question, since surgeons here and abroad are starting to 
resect the hyperplastic parathyroid in order to cure the osteitis fibrosa. From 
the pictures presented, it seems as though Dr. Jaffe had been able to reproduce 
all the stages of osteitis fibrosa, both the hyperostotic as well as the hypo- 
ostotic forms. I should like to know whether Dr. Jaffe has any ideas about the 
relationship of these experiments to the localized forms of osteitis fibrosa, the 
brown tumors in the bones, and the bone cysts in isolated parts of the skeleton. 

(Dr. Jaffe, closmg.) We have not particularly made up our minds about the 
localized osteitis fibrosa. However, a great number of conditions are really 
included under localized osteitis fibrosa, many of which are purely inflammatory 
lesions, which leave as a residue fibrous changes in the bone, because for some 
reason or other, the bone has not reconstructed itself normally. It appears to us 
quite possible that there may be one bone osteitis fibrosa, and at the present 
time we are inclined to view the lesion as due possibly to a lowered threshold, 
local in that bone, possibly on the basis of circulatory disturbances, which makes 
that bone peculiarly and particularly susceptible to the fibrosis-producing 
factors. 

The Histiogenesis and Development op Reticulum; Its Widespread 
Occurrence in the Adult Organism. A New Method of Demonstration. 
James F. Rinehart (by invitation), San Francisco, Calif. 

Abstract A method of impregnating connective tissue substance, including 
reticulum and coUagen, is given in which there is apparently a complete impreg- 
nation of such substances and in which adequate counterstainmg is achieved. 
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inoculation being very similar to spontaneous leukemia and to Line I of Richter 
and McDowell. It would seem that if leukemic cells are introduced into the cir- 
culation, they are filtered out, and only after a certain degree of lymphoid 
hyperplasia has been attained do they invade the blood. Leukemia and aleu- 
kemic lymphadenosis are apparently essentially the same process, a conclusion 
that Richter and McDow'ell have likewise reached. 

(Dr. Powsler, New York City.) It would seem that this leukemia is inherit- 
able from one generation to the next. The offspring have a liability to leukemia. 

(Dr. Richter). We first began systematic observations in the eighteenth gen- 
eration of this line. It is now in the twenty-third generation. 

(Dr. Powsler.) It is an inheritance due to some characteristic of some other 
organism, let us say white blood cells, or to some other condition which causes 
the organism to act that way; the point is that it is not a true genetic character- 
istic, but is inherited in the same way as syphilis, for example. 

(Dr. Richter, closing.) In reply to Dr. Furth, the inoculation of other lines 
has been attempted, and in our experience has been negative so far. We have 
not attached very much importance to this because it has been recorded already 
that leukemia occurring in mice may be transmitted to other strains of mice. 
However, I feel that in the experiments of Furth the low percentage of “takes” 
may be explained by the fact that the mice into which the inoculations were 
made were not inbred, and therefore not uniform. 

With regard to Dr. Powsler’s question, we feel that the reappearance of leu- 
kemia in this strain is on a genetic basis, and we base this not only upon the 
appearance of leukemia in this strain, but on the ratios of susceptibility in 
hybrids which we have observed. Some of these observations were reported at 
the American Association for Cancer Research. It is not due to transmission 
through the mother, because hybrids with a leukemic male parent, and a non- 
leukemic female parent have also been susceptible. It is apparently not analo- 
gous to the so-called “inheritance” of syphilis or similar conditions. 

Experimental Ostitis Fibrosa (Fibrotis Osteodystrophy) in Guinea Pigs 
ON Normal Diet, Injected -with Parathormone. H. L. Jaffe and (by 
invitation) A. Bodansky and J. E. Blair, New York City. 

Abstract. It has been suspected for about twenty-five years that the parathy- 
roids are in some way related to the bone dystrophies. Recently Mandl, and 
after him others, removed enlarged parathyroids in cases of ostitis fibrosa cystica 
and reported rapid improvement of their patients, with cessation of the negative 
mineral balance. 

No reports have appeared on the experimental production of the fibrous 
osteodystrophies by the use of parathyroid extract. Nor have bone changes 
that fulfill the requirements for the diagnosis of ostitis fibrosa been produced 
experimentally by other means. 

By subcutaneous injection of parathormone we have regularly produced in 
the ^inea pig the generalized bone changes which satisfy all the criteria of 
ostitis fibrosa, including the appearance of new bone (osteoid). The latter 
appears as soon as the reparative processes are permitted to operate with suffi- 
cient intensity. A guinea pig permitted to go for a few days without para- 
thormone, after previous parathormone treatment, shows an abimdance of os- 
teoid tissue beneath the periosteiun and endostevun, in the haversian canals, and 
in the fibrous tissue in the metaphysis just distal to the epiphyseal cartilage 
plate. 
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mitter, a rise in his temperature occurred, the height of temperature depending 
on the time he was in the field and his proximity to the apparatus. A rise of 
2.2 degrees was caused in fifteen minutes and the response was very pronounced 
when a water-cooled 20 kilowatt radio tube was discharging from a six foot 
rod to ground with 60,000,000 alternations per second, of 15 kilovolts. Since 
diathermy with its relatively low rate of alternation of current is reputed to have 
valuable therapeutic applications due to the heat generated in the tissues, Dr. 
W. R. Whitney, director of the Research Laboratory of the General Electric 
Company, devised a modification of the radio transmitter which has become 
available for the study of experimental aseptic hyperthermia. The apparatus 
is a high frequency heater or oscillator on the principle of a short wave trans- 
mitter, except that the 'energy is concentrated between two plate electrodes 
instead of being directed from an aerial. Complete details of the machine are 
being published elsewhere. In the experiments I shall report, a wave length of 
25 meters was used almost entirely, an amperage of 0.2 to 0.35, oscillating about 
10,000,000 per second, a rate so rapid that no muscular contractions are 
produced. 

Twenty-three dogs, twenty-one rats and four guinea pigs were exposed be- 
tween the plate electrodes for variable periods of time. A temperature once 
reached coidd be maintained either by decreasing the voltage or by increasing 
the distance between the electrodes. A dog’s temperature taken by rectum, or 
determined by thermocouple, could be raised as much as 7.1 degrees iu thirty- 
seven minutes, 8.3 degrees in less than an hour, such rapid heating often causing 
death, but not always. Three dogs were kept at about 109° F from five to 
twelve hours. Twelve dogs were given from two to nine heatings that lasted 
from four hours to thirty hours, the temperatures varying from 10 f to 112° F. 

The white rat and the guinea pig could withstand about the same temperature 
as the dog and the tissue changes are practically the same for these three species 
imder the same conditions of the experiment. 

After removal from the oscillator, the temperature with few exceptions would 
ret\im to normal in three hours. Repeated exposures would rarely give indica- 
tion of loss of control of the heat-regulating center as shown by a prolonging of 


the pyretic state. 

While being heated, the animal would become restless, salivate, pant, per- 
spire and the visible membranes become congested. 

In some dogs placed too close to the electrodes, perspiration caused arcing, 
resulting in severe skin bums which healed very slowly. Rapid heating of rats 
often caused a dismption of the skin of the tail and severe bums at the base of 

the tail, with the skin finally sloughing off. . 

Postmortem examinations were performed as promptly as possible since post- 
mortem degeneration was very rapid in the higMy Ideated tissues. 

The animals that died or were kiffed while still at a high temperature showed 

gSoToTaU the orgaiB. In addiUon, the heart showed focal hem- 
orrhSV interstitial edema, fatty degeneration of mnsde fibers. The lungs 
emphysema, atelectasis. smaU hemorrhages and mmeased secret, on of 
btoSrdTuL. Hemorrhages and necrosis of lymphoid tissue were present 
broncmai muLUb was noted. Often fibnn thrombi were 

“ fe^tt'he"? '■Z gLTo-rnSsSal tract showed a few mucosal 
present m the an lyi^phoid tissue, excess mucus secretion, mesen- 

S hemSt and an acute inflammation of mucosa was often a comcident 
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The mesenchyme is shown to possess a fibrillar cytoplasm very closely related 
to reticulmn and collagen. The differentiation of capillaries in loco in the mesen- 
chyme is shown; the differentiation of mesenchyme into adult connective tissue 
is also indicated. Reticulum is shown to be a direct descendant of the mesen- 
chyme, and evidence is presented of the probable transformation of reticulum 
into collagen. Reticulum fibrils are demonstrated as of universal occurrence 
in the capillary endothelium. Reticulum is identified with the basement mem- 
brane in the kidney, gastric mucosa and pancreas. The epithelioid cells of tuber- 
culosis are shown to be capable of forming reticulum fibrils which may be 
transformed into collagen. By securing complete impregnation of this fiber sub- 
stance and combining it with adequate counterstaining, a more complete concept 
of the capillary bed is achieved in which reticulum-lined spaces are shown to 
connect apparently isolated capillaries, as seen by ordinary staining methods. 

Rapid Diagnosis 01 Intracranial Tumors by Supravital Study. Louise 
Eisenhardt (by invitation) and Harvey Cushing, Boston, Mass. 

Abstract. Description of a method of immediate diagnosis of intracranial tumors 
by supravital study of fresh smears is given. The method has been in use for 
the past two and one-half years and it is possible by this means' to differentiate 
the various types of gliomas, for example, almost more easily than by the usual 
methods of fixed preparations. 

Discussion 

(Dr. W. C. MacCarty, Rochester, Minn.) I have been devoting the last 
twenty-five years of my life to the study of living tissues, and especially unfixed 
tissues, and should be among the first to congratulate Dr. Eisenhardt on this 
work. I was very much interested, for I visited Dr. Cushing’s laboratory about 
a month ago and saw these slides in actual preparation. I can say also, in spite 
of the fact that these slides are very beautiful, that they do not compare with 
the originals from which the slides were made. I do not know just how many 
pathologists appreciate just what this service is to a surgeon, but those of us 
who have been intimately connected with surgical work know that he will act 
on the nature of the tumor. He must know the tjqie of tumor; he cannot wait 
even for an hour, because an hour with a patient under anesthesia means some- 
thing in brain surgery, so I hope you will take seriously this service which 
Dr. Eisenhardt has rendered, and apply the method. The method which she 
has shown is somewhat different from that which I have used in the last twenty- 
five years, but the end results are the same, and that is the important thing 
after all. This method gives much more beautiful results than anv fixed method 
I know of. 

_ (Dr. Williani Boyd, Winnipeg.) Can this method be used for autopsy mate- 
rial? Can it be used only on fresh, living material? 

_ (Dr. Eisenhardt, dosing.) These preparations are made only from fresh 
living material as soon as possible after it has been removed from the body. We 
have not attempted to use the method on autopsy material. 

An Experimental Study 01 the Eeiects 01 Heat Induced by High Fre- 
quency AiTERN.A.TrNG CURRENTS. V. C. Jacobsen and (by invitation) 
K. Hosoi, Albany, N. Y. 

Abstract. About two years ago it was noted in a laboratory of radio research 
that when a workman happened to get in the field of a short wave radio trans- 
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Spontaneous and Experimental Schwannomas. Pierre Masson and (by invi- 
tation) Charles Simard, Montreal, Can. 

Abstract. Nageotte has shown that if a fragment of the sciatic nerve of the 
rabbit is excised from one side and grafted near the intact sciatic nerve of the 
other side, a voluminous tumor is produced by the sheaths of Schwann without 
participation of the axones — an artificial schwannoma. Comparative study of 
one of these tumors and of several spontaneous encapsulated neurinomas from 
man, shows a complete identity of their fundamental constituents. The struc- 
ture, mode of collagen production, the manner of growth and development are 
the same in both types of tumor. A study of their characters shows that these 
constituents are different from connective tissue cells. In the building up of ex- 
perimental schwannomas, connective tissue plays an important part, but in 
encapsulated spontaneous schwannomas the connective tissue plays only a minor 
part. The pure connective tissue aspect (fibromatous, myxomatous) of certain 
neurinomas corresponds to special morphological modification of Schwann cells 
which have been altered by subjection to certain circulatory conditions. The 
palisades that are found in many spontaneous schwannomas are derived from 
the sheath of Schwann and are perhaps characteristic of the type of tumor 
derived from sensory nerves. 


Quantitative Observations on the Semilunar Valves of the Heart. 

Paul Gross (by invitation), Cleveland, O. 

Abstract. A method for the determination of the surface area of valves is 
described. The surface area of the cusps of a semilunar valve with a large ring is 
commensurately greater than that of a valve with a normal ring. Valves with 
normal and large rings present no significant differences in the height of the 
cusps. Elongation of the valve rings of hearts at autopsy is associated with a 
decrease in the height of the cusps. It is probable, therefore, that as a valve ring 
increases in size the cusps increase in height. The surface area of the semilunar 
valves is 40 to 70 per cent in excess of a calculated minimal closing surface. The 
percentage of excess has no correlation with the size of the valve ring. A semi- 
lunar valve is incompetent if the average height of the cusps is equal to or less 
than the radius of the valve ring. 


Studies on the Pathogenesis 01 Bacterial Endocarditis. Robert Koch 
and Kurt Semsroth (by invitation), Pittsburgh, Pa. 

Abstract. Injections of casein or killed streptococci, a prerequisite for the devel- 
opment of bacterial endocarditis in our experiments, lead neither to degenerative 
changes of the endocardium nor to a transformation of the endothelial coat of 
the endocardium into phagocytes. Experimental studies on the vital staming 
of the ceUs of the reticulo-endothelial system, however, reveal that subsequent 
to injections of casein or killed streptococci the reticulo-endothefial system loses 
to a considerable extent the abiffty to develop granular deposits of dyes, if the 
dyes are injected in the form of solutions, while the phagocytosis of colloidal 

Darticles of the same dyes is not disturbed. . , t. r <-• i j- 

E^ieriments were carried out to determine whether or not the functional dis- 
tuSceof the reticulo-endothelial system, reported above influences the de- 
gree of the deleterious effect of toxic bacterial substances on the heart Control 
S?biTs werfRiven doses of a diphtheria toxin or typhoid vaccine which ^d not 
lea^d to inflanSiatory reactions of the endocardium nor to a myocarditis. Analo.- 



SCIENTIFIC PROCEEDINGS 


617 


infection. Cloudy swelling, fatty degeneration, focal necrosis, focal hemorrhage, 
and depletion of glycogen were present in the liver. The pancreas was normal. 
The kidneys showed cloudy swelling, hydrops, fatty degeneration in Henle’s and 
convoluted tubules. Focal hemorrhage, increased \dsible fat, hemorrhage in the 
capsular fat were seen in the adrenals. Dogs’ testes were usually normal. Rats’ 
testes showed much exfoliation of germinal epithelium and proliferation of 
Sertoli cells. 

One female bulldog heated to 108° F for nineteen hours had a breast carcinoma 
which appeared imaffected. 

The striated muscle showed glycogen depletion. The bone marrow was hyper- 
active. The thyroid was normd. Congestion, focal hemorrhage and chroma- 
tolysis of ganglion cells was noted in the brain. Chromatolysis of ganglion cells 
was present in the spinal cord. 

Dogs and rats heated many times and the temperatures allowed to return 
to normal showed fewer changes in their organs. Congestion was regularly 
present but cloudy swelling and fatty degeneration were less frequently seen. 
Loss of weight was pronoimced and the fat depots showed loss of fat. The 
weight was usually recovered rapidly, however, by the drinking of water. The 
pulmonary emphysema in the animals given one heating was probably due in 
part to an acidosis of lactic acid nature and not to ketosis. 

The heat induced by this method is an internal heat, probably caused as 
Hosmer suggests, by an increased vibration of molecules of the cells produced 
by their alternate attraction to each of the electrode plates in turn. 

From a study of the tissues of these experimental animals, it is seen that there 
is little to suggest any fundamental difference between the heat induced by this 
oscillating current and the hyperthermia in febrile disease, or that produced by 
external applications. Concomitant pulmonary or gastro-intestinal infection 
was present in slight degree in only a few animals. The dangers of the method 
are not entirely known. The cutaneous burns were preventable. Schereschew- 
sky found experimental mouse cancer unfavorably influenced by this form of 
heating. Its application to various chronic diseases such as arthritis and 
paresis seems logical and such work is under way. 

The pathology of fever can be studied more thoroughly than ever before by 
this method and yet its dinical application must be preceded by much funda- 
mental work, since addosis, and later alkalosis and tetany, doudy swelling and 
fatty degeneration of parenchymatous organs, and ddeterious effects upon the 
germinal epithelium of testes and ovaries are definite pathological states to be 
avoided in therapy if possible. 

Finally, it seems quite in order in this aimiversary year of Dr. William H. 
Welch to say that his Cartwright lectures given in New York in 188S still con- 
stitute our greatest source of information concerning the pathology and etiology 
of fever, little of note having since been added. 

Discmsioji 

(Dr. Robert Koch, Pittsburgh.) At the Western Pennsylvania Hospital in 
Pittsburgh, Drs. Szymanowski and Hicks are experimenting on the biological 
effect of short wave radiation. The experiments show very dearly that radiation 
of this kind produces other effects besides the heat effect. In complicated sys- 
tems like the animal body, the heat effect is so pronoimced that other effects are 
masked. Simple systems like collodial solutions or diphtheria toxin offer a better 
means for studying all the biological effects of short wave rays. 
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My second point refers to agglutination, complement fixation, and other 
serological reactions. Many investigators have employed bacteria grown on 
media containing serum. Dr. Cecil, in the studies reported to-day, has avoided 
this error. 

It was reported by Olitsky and Bernstein in 1916, and by Olitsky and Denzer 
in 1917 that rabbits injected with bacteria grown on media containing serum 
responded by producing antibody against the organisms and against the serum 
proteins. Such immime sera are capable of giving non-specific reactions with 
various other bacteria cultivated upon the same kind of serum. Even after the 
fourth washing (saline solution) yields no evidence of serum proteins, the same 
result may ensue. These studies have been confirmed by F. S. Jones. In a 
paper published last year by Hooker and Anderson in the Journal of Immunol- 
ogy (a preliminary report of which appeared in 1924) this subject is well em- 
phasized. In the course of a very elaborate and careful investigation of 616 
alpha streptococci, cross-agglutination reactions were found in less than 3 per 
cent. The non-hemolytic streptococci are very individualistic in their charac- 
teristics, and vmdergo changes rather easily. I would not lay stress, for example, 
on the dight differences found by Dr. Cecil and his co-workers in the strepto- 
cocci obtained in rheumatic fever, and those found in the cases of infectious 
arthritis. 

What is the present status of the question of the etiological relationship of 
streptococci to rheumatic fever? 

There are facts that speak for and against it. The final proof is not yet forth- 
coming. We know that similar streptococci are found in cases of subacute bac- 
terial endocarditis and in the occasional instances of mixed infections (both 
active) of the two conditions. We know that they may be found in the blood 
without endocarditis appearing, in severe or mild local infections. What is most 
important is the fact that they may be found as transitory invaders in the great- 
est variety of febrile and non-febrUe disease. In the last two cases of Hodgkin’s 
disease that I have observed, non-hemolytic streptococci were present in the 
blood. In the second case, three positive cultures were obtained by Dr. Gold- 
zieher (to whom I am indebted for permission to cite this case to you) . In lymph 
nodes from a number of diseases, non-hemolytic streptococci have also been 
foimd in a viable condition. The studies of E. Z. Epstein and M. A. Kugel, that 
non-hemolytic streptococci may be cultivated in nearly all cadavers from the 
spleen and bone marrow, and in the heart muscle as well as valves that show no 
endocarditis, in as high a figure as (approximately) 50 per cent are of great 


significance. 

It would have been of advantage if febrile cases had been employed as con- 
trols in the studies just reported. The fact, however, that the investigations 
revealed so few positive results in the fever-free control cases, except for those of 
chronic infectious arthritis in which they were so numerous, compels our 

CDr B T Clawson, Minneapolis). It seems to me this is pretty nearly the last 
link in the chain in confirming the belief that streptococci are the causal agent 
in acute rheumatic fever. The fact that these orgamsms are fomd m the joints 
SSortant; if they were found only in the blood, they might be secondary m- 
va™m but when we have them present in the jomts m such a high percentage 

of case’s, it is P-^y^^^^/^J^^hosTof y^ to cuTture t^e' 

.Lse wiU. acute Aeu^aUc fevet. « U 
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gous doses were given to rabbits that had received previously a series of injec- 
tions of casein or streptococci vaccine. These animals developed a focal inter- 
stitial myocarditis. Furthermore, proliferative and exudative inflammatory 
reactions of the endocardium with marked degenerative changes were observed. 
It is inferred that the functional disturbance of the reticulo-endothelium system 
reported in the preceding paper is associated with an increased vulnerability of 
the heart to the action of bacterial products. 

Characteristics of Streptococci Isolated from Patients ivith Rheu- 
matic Fever and Chronic Infectious Arthritis. R. L. Cecil and (by 
invitation) E. E. Nicholls and W. J. Stainsby, New York City. 

Abstract. During the past three years, streptococci have been isolated frequently 
from the blood and joints of patients with acute rheumatic fever and chronic 
infectious arthritis. The technique consists in taking large quantities of blood 
and observing the cultures over a long period of time. 

83.3 per cent of the strains isolated from cases of chronic infectious arthritis 
appear to belong to one biological group. These strains have been designated 
by us as “typical strains.” They seem to fall into the alpha prime group of 
streptococci. 

The streptococci recovered from cases of acute rheumatic fever belong to the 
Streptococcus viridans group although the methemoglobin formation is frequently 
diflicult to demonstrate. Cross-agglutination tests show that some of these 
organisms tend to faU into biological groups. 

Agglutination reactions with the serums of patients with chronic infectious 
arthritis against the antigen of any of the typical strains are very striking. The 
serums agglutinate to a very high titer, as high as i :5i2o or more. This condi- 
tion is not found with control serums. Serums of patients with acute rheumatic 
fever agglutinate some of the rheumatic fever strains to a higher titer than do 
serums from control cases. 

Discussion 

(Dr. Emanuel Libman, New York City.) Dr. Cecil requested me to discuss 
this presentation. He asked me to state whether or not I was of the opinion 
that these streptococci came from the air or were in the culture media. I have 
no doubt that they came from the blood of the patients. 

I will not go deeply into the controversial side of the subject under discussion. 
My main purpose is to draw attention to the tremendous amount of time and 
energy that often has been lost in connection with the bacteriological study of 
streptococci in general — and the non-hemolytic streptococci in particular. 

In the first place, most of the investigations of the fermentation reactions of 
these organisms are of little value as the more favorable media have not been 
employed. Many studies have been performed with agar media without the 
addition of serum. In the course of elaborate investigations made man}'’ years 
ago, we found that this medium is the poorest for the purpose. The next best 
is a^ bouillon medium without serum. Agar plus serum is much better and 
bouillon plus serum is still more favorable. Even the last-mentioned is not an 
optimum medium. The Hiss serum-water medium is of little value unless pep- 
tone is added (as first suggested by Buerger) . Even then it is not neatly as good 
as the bouillon-serum method. For over twenty years I have been convinced 
that we must be careful of classif}’ing non-hemolytic streptococci by means of 
their fermentative power on various carbohydrates. 
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Aschoff body, will be found at an earlier stage of the lesion equally as well, and 
if they will persist through the later stages of the same lesion. 

(Dr. Emanuel Libman, New York Cit3^) I would like to clarify one point. 
I do not believe that Dr. Gross meant to say that Fahr described only one case. 
Did he not describe a small endemic? The findings were exceptional, and there- 
fore there is a strong possibility that he happened to be dealing with a group 
of cases in which scarlet fever and rheumatic fever coexisted. 

(Dr. H. F. Swift, New York City.) I would like to point out in connection 
with what Dr. Libman has said that Siegmund only recently has reported a large 
series of cases where death occurred several weeks following the acute stages of 
scarlet fever, and stated that as the time lengthened between the onset of 
scarlet fever and the time of death, the final lesions of the cardiovascular system 
approximated more and more those seen in rheumatic fever; hence the time 
element appears to be an important factor. As far as I can recall, all of Fahr’s 
cases were fatal soon after the onset of scarlet fever; and when considered in 
connection with the observations of Siegmund, bring up a most important ques- 
tion in the general consideration of this problem — the time between the onset 
of the scarlet fever and the occurrence of the peculiar type of lesion. Only after 
the noxious agent has been active for several weeks or months does the tissue 
appear to respond in the peculiar proliferative manner observed in either true 
rheumatic fever or scarlatinal rheumatism and carditis. 

(Dr. Herman Schwarz, New York City.) In a case of scarlet fever with joint 
manifestations, I had the opportunity of examining the heart seven weeks after 
the onset of the disease. There was a definite double murmur at the apex, but 
what was more important, I found typical rheumatic nodules on both olecranon 
processes. It might be concluded that in this case the so-called scarlatinal rheu- 
matism was genuine rheumatism. 

(Dr. Gross, closing.) In answer to Dr. Clawson’s request for a definition of 
the typical Aschoff body, may I say I had hoped our demonstration would 
serve this purpose. However, if Dr. Clawson will tell me of what stage in the 
cycle he would like to have a definition of the typical Aschoff body, I shall be 
glad to give it to him. I have tried to point out the fact that the Aschoff body 
is not a static structure. It is fluid and continually changing. At one char- 
acteristic stage, after the syncytium has partly broken down, the cell pro- 
toplasm is generally supple, voluminous and basophflic; the cell edges are 
ragged; there are small masses of naked protoplasm about; there are also masses 
of swollen collagen and a peculiar “chicken wire silver-staining reticulum to 
be seen; the nuclei are vesicular, relatively clear, with a dense perinuclear 
membrane and a conspicuous dark central nucleolus (owl-eyed). Giant cells 
may or may not be present. There is no elastica and rarely fibrin to be found. 
We have not found this picture thus far in any other condition. As I said 
before, however, my definition will have to vary with the stage of the cycle 


'^^Like Dr. Clawson, we were also puzzled as to how certain we could be about 
■which was the tail and which the beginning of the cycle. When one tries to work 
Tt the life cycle of a lesion occurring in the human, where one cannot have 
eroerimntal Ltrol. there is altvays m element of uncertamty. But there are 
^.^Ttactors tvhich one can use as a guide, for example, the chmcal history, 
certam factor polvmorphonuclear leucocytes, the appearance of 

the appearance of and, best of all, the state of swelling 

connective tissue. In .orhing out thf 
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quite unusual to demonstrate streptococci in the blood. It is true with Hodg- 
kin’s disease, and late in carcinoma it is a common thing to find streptococci in 
the blood. But with people who are not very ill it is quite unusual to find 
streptococci in the blood. I have followed Dr. Cecil’s work very carefully, and 
I should like to ask if he has come to any conclusion as to why the orgamsm 
grows so slowly at first, and then after you get it out on proper culture media, it 
grows so easily. 

(Dr. V. H. Moon, Philadelphia.) I am greatly interested in this work of Cecil 
and his associates, and while the subject of the etiology of acute rheumatic fever 
is under discussion, I should like to remind those who were not here yesterday 
of some results we have obtained by the inoculation of animals with Strepto- 
coccus viridans obtained from blood culture and from the heart valves of a case 
diagnosed clinically as bacterial endocarditis. The inoculation resulted in the 
formation of the verrucous t3qje of endocarditis on the mitral valve and in the 
auricle, the formation of nodules in the walls of the blood vessels, in the heart 
muscle, and in skeletal muscles, and of fibrous nodules histologically identical 
with the subcutaneous nodules in acute rheumatic fever. I think this should be 
borne in mind as confirmatory of the evidence of the relationship of streptococci 
to acute rheumatic fever. 

(Dr. Nichols, closing.) In answer to Dr. Clawson’s question, we have not 
found any explanation for the slow growth of the organisms. 

Histological Studies on the Aschoef Bodv. Louis Gross and (by invitation) 
Joseph C. Ehrlich, New York City. 

Abstract. The descriptions of Aschoff bodies found in the literature are in many 
cases confusing. There are many disagreements on the histological appearance 
of these bodies, mainly because various authors depict different structures as 
well as different phases in the evolution of the same structure. This also ac- 
counts to a certain extent for differences of opinion on the origin of the cells 
found in Aschoff bodies. By using various histological methods on a large 
amount of autopsy material, a series of pictures have been found which suggest 
a fairly definite life cycle for the Aschoff body. In certain cases, at least, the 
Aschoff body takes the form of a well developed syncytium surrounding swollen 
collagen as one characteristic phase in the life cycle. Several phases of this cycle 
appear to be pathognomic of rheumatism. It is believed that if this cycle is 
thoroughly understood there will be less difficulty in recognizing these struc- 
tures. The Aschoff body is shown to possess a characteristic reticulum which 
also appears to go through a recognizable life cycle. 

Discussion 

(Dr. B. J. Clawson, Minneapolis.) I want to repeat the same question I asked 
last year, and ask Dr. Gross to give a definition of a t3qjical Aschoff nodule. 
Another question I should like to ask is how he knows that one end or another 
is the beginning of the life cycle of an Aschoff nodule. He certainly demon- 
strated that the Aschoff nodiile may take many forms. There may be various 
stages. Another point about those elongated ones, I should like to know what 
would happen if they were cut the other way, that is, transversely rather than 
longitudinally. 

(Dr. Y. H. Moon, Philadelphia.) I should like to ask whether the eight or nine 
charactenstics which Dr. Gross states must be present for the diagnosis of an 
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Discussion 

(Dr. H. T. Karsner, Cleveland.) The tissue response described by Dr. Claw- 
son in these experiments suggests the possibility that he may be dealing with 
anaphylactic inflammation as described by Opie. Will Dr. Clawson state 
whether or not the bacteria were washed for use in sensitization, immunization 
or subsequent injection? 

(Dr. Homer Swift, New York City.) Dr. Clawson’s report is more or less in 
confirmation of what we suggested last year. There is one point well worth 
emphasizing, namely, the qualitative relationship, the type of response and the 
type of soil in which the bacterium is planted. Dr. Karsner has brought up a 
, point which also appears well worth keepmg in mind, namely, the relationship 
of bacterial hypersensitiveness to that phenomenon which Opie called anaphy- 
lactic inflammation, to which Rossle gave the name of hyperergic inflamma- 
tion, where the argument is based upon experiments done with a different type 
of antigen. If one uses for preliminary sensitization a coagulable protein such 
as egg-white, he obtains after reinoculation into the tissues a hyperergic or an 
anaphylactic type of inflammation that is increased in intensity more or less 
parallel with the increase in the concentration of circulating immime bodies. 
With whole bacterial antigens, that does not hold, as is brought out by Dr. 
Clawson’s work. The h}q3erergic inflammation following injection of bacteria 
into the tissues is determined by the preceding mode of inoculation. If it has 
been into the subcutaneous tissue, and now I am dealing with streptococci, the 
animal’s reactivity is increased, so that a so-called hyperergic type of inflam- 
mation results from reinoculation. If the dose of antigen be accurately titrated, 
and the lesions resulting from various doses be excised daily and compared, not 
only a histiocytic response will be observed in the hyperergic inflammation, but 
various t)q)es of exudative reaction will be found early. On the other hand, an 
animal with high antibody content in its serum resulting from previous intra- 
venous inoculation will respond to intracutaneous injection of small or medium- 
sized doses only with a histiocytic mesenchymal reaction; in the first the re- 
sponse may well be termed hyperergic inflammation, and in the second immune 
h5q)o-ergic reaction. 

(Dr. Louis Gros, New York City.) In a personal conversation with Dr. 
Clawson he very kindly informed me of the fact that he had obtained similar 
subcutaneous nodules in the skin of rabbits injected with hay baciUi. I should 
like to know whether he was able to discern any histological differences between 
the nodules produced by the hay bacilli and those produced by the streptococci. 

(Dr. Clawson, closing.) I have avoided the term anaphylactic on purpose, for 
the reason that Dr. Swift brought out. There is a disagreement among im- 
mtmologists as to just what the hypersensitive reaction, such as the tuberculin 
reaction, is, and realizing that, I used the term hypersensitiveness. If the hyper- 
sensitiveness produced by bacterial proteins is anaphylaxis, then I think this is 
an anaphylactic reaction. I am not certain it is. It is not the same thing which 
we get by injecting horse serum. This reaction seems to depend on something in 
those abscesses. What this is, I do not know, and I am waiting for some immu- 
nologist to tell us. , . , ■ r- . 

In reply to Dr. Karsner’s question about washing the organisms, the first were 

not washed. I used a broth culture of organisms mixed with agar. The stand- 
ardized organisms were washed. , . , ^ . 

The quantitative reaction should be emphasized, and while these mjections 
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life cycle of the Aschoff body we had to be guided not only by such factors as 
these, but also by how well these factors dovetailed into each other. 

With regard to the appearance of a polarized Aschoff body when looked at on 
end, we have sectioned the Aschoff bodies serially, and at the polarized stage 
the end view shows a central nucleus surrounded by very scanty protoplasm. 
The hyaline connective tissue is replaced largely by delicate fibriUae. 

Dr. Moon has asked whether these various characteristics persist. Let me 
answer this question categorically to a certain extent. The protoplasm baso- 
philia appears just before the height of the cycle and goes through to the end. 
The reticulum starts at the beginning and persists to the end stage, that is, the 
stage of mature connective tissue when the silver-staining reticulum completely 
disappears. The nuclei are characteristic at the height of the cycle and continue 
almost to the very last stages. 

With regard to Dr. Swift’s remark about the element of time, I agree with him 
thoroughly of course. We would be illogical if we denied the possible role which 
time may play in this connection, let alone the question as to whether rheu- 
matism is a modification of scarlet fever. It seems to me, however, that at the 
present time one has no right to assume otherwise than that this disease, for 
some unknown reason, seems at times to follow on scarlet fever. One would 
have to have other evidence to link the two diseases under one etiology. 

Experimental Streptococcic Inplammation in Immune and Hypersensi- 
tive Animals ivith Special Reperence to the Pathogenesis oe 
Rheumatic Lesions. Benjamin J. Clawson, Minneapolis, Miim. 

Abstract. The experiments were performed with the following three groups of 
animals: (i) animals which had not been injected (normal animals); (2) animals 
which had been injected intravenously with streptococci (immune animals); 
(3) animals which had been injected subcutaneously in one area with agar at 
45° C, heavily seeded with streptococci (ahergic or hypersensitive animals). 
Each animal was injected in ten places in the subcutaneous tissues on the right 
side with a 1 ;ioo suspension of streptococci and in ten places on the left side 
with a I :rooo dilution of the suspension. 

The polyblastic type of microscopic cellular reaction was foimd in all three 
groups. No difference could be detected in the character of the reaction in the 
nodules. It appears evident that the polj'blastic type of reaction, which is char- 
acteristic of the lesions found in human rheumatic cases, does not depend pri- 
marily upon a hypersensitive stage when produced experimentally in animals. 
If doses sufficiently large are given, this reaction may be produced in both nor- 
mal and immune animals, as well as in the hypersensitive animals. 

The relationship between allergy and the polyblastic type of reaction appears 
to be a quantitative one. This quantitative relationship may help to explain 
the pathogenesis of human rheumatic lesions in many cases. Since streptococci 
have not been found in large numbers in the blood and joints of patients having 
acute rheumatic fever, it has been difficult to understand the extensive lesions; 
but when it is taken into account that small doses of streptococci will produce 
extensive reactions in hypersensitive animals and that high percentages of 
patients haying acute rheumatic fever are hypersensitive to streptococci, the 
pathogenesis of the human lesions can be understood more readily. 
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tions of the nodules of chronic rheumatoid arthritis, I was struck by the extreme 
analogy of these degenerative changes with those which we observed in cases of 
widans-endocarditis associated with Aschoff bodies. Furthermore, that par- 
ticular type of gelatinous necrosis of the connective tissue is frequently seen in 
the vascular lesions in chronic streptococcus sepsis, all of which might lead one 
to stress the probability of the causative relation of streptococci to these lesions. 
On the other hand, I do not believe that such a conclusion can be made, since 
Klinge of Leipzig recently has noticed that very type of gelatinous necrosis in 
the connective tissue of rabbits hypersensitive to horse serum, and which were 
subsequently injected into the knee joints with horse serum. He claims to have 
induced lesions in the synovia, in the periarticular tissue, in the connective 
tissue of the arteries removed from the site of injection, in the myocardium and 
endocardium, characterized by the same type of gelatinous necrosis and by pro- 
liferation of large mononuclear elements. In the light of these results it appears 
that a certain state of the host is one determining factor in the pathogenesis of 
rheumatic lesions. Another, but not the only, factor may in man weU be the 
invasion of the host by streptococci. 

(Dr. Dawson, closing.) We have had no difficulty in differentiating any of 
these cases from cases of gout. We have studied some nodules from gouty cases, 
and their structure is apparently entirely different. 

A New Meningococcus-like Organism (Neisseria Flavescens, n. sp.) 
FROM Epidemic Meningitis. Sara E. Branham (by invitation), Wash- 
ington, D. C. 

Abstract. Of 155 strains of meningococci isolated from cases of epidemic cere- 
brospinal meningitis in the United States during 1928 and 1929, fourteen strains 
were uniformly at)q)ical. These were among fifty spinal fluid strains received 
from one city during a single outbreak, and thirty-six of which, or 72 per cent, 
fell into the four antigenic groups of Gordon’s classification. The remaining 
fourteen, or 28 per cent, formed a homogeneous serological group. There was no 
cross-agglutination with any of the four usual groups of meningococci; neither 
was any of these strains agglutinated by polyvalent commercial antimenin- 
gococcus sera. 

Aside from this serological difference these fourteen uniform strains varied 
from the typical meningococci in pigment production and in total lack of fer- 
mentative ability. They did not correspond with any of the gram-negative 
cocci previously described. 

The cases with which these cases were associated were subacute and ran a 
relatively long course. Eleven of the patients were given polyvalent antimenin- 
gococcus serum freely, and seven made a complete recovery. 

This homogeneous group of fourteen strains does not conform to the usual 
conception of the meningococcus, although the strains were isolated from the 
spinal fluid of meningitis cases during an epidemic in which all four of the usual 
serological types of meningococci were found. To call them_ meningococci would 
alter the definition of a meningococcus and plunge the classifications of the men- 
ingococcus group into confusion. For the present we shall refer to this new 

group of fourteen strains as Aeixxerfa _ 

The fact that 28 per cent of the strains isolated in one locality, or more than 
9 per cent of those received from the country at large, are members of this re- 
stricted group suggests the importance of giving special attention to it. 
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■were standardized fairly closely, we are now carrying on a more accurate 
method of standardization. In all these cases, control animals were run with the 
same doses of organisms each time. 

In reply to the question about the hay bacillus, this reaction is not specific for 
streptococci. We have used the hay bacillus in the same way, and have been 
able to produce the same reaction. In fact, we have been able to reproduce with 
the hay bacillus the secondary reaction repotted by Swift and his co-workers. 

Subcutaneous Noduues in Chronic Infectious Arthritis. M. H. Dawson 
(by in\dtation) and A. M. Pappenheimer, New York City. 

Abstract. The occurrence of subcutaneous nodules in patients suffering from 
rheumatic fever has long been recognized and has been the subject of intensive 
investigation by many workers. Less attention, however, has been paid to the 
subcutaneous nodules that occur in patients afflicted with rheumatoid (chronic 
infectious) arthritis. 

During the past year in the Arthritic Clinic of the Presbyterian Hospital, sub- 
cutaneous nodules have been observed in twenty-three patients. AH of the 
patients presented the t3q)ical clinical picture of rheumatoid or chronic infec- 
tious arthritis. Nodules were excised from eleven of these patients and sub- 
jected to careful histological and bacteriological examination. 

All the material examined has shown a striking, uniform and characteristic 
picture. The essential histological features may be summarized as follows: 

(i) an area of central necrosis, apparently due in its earliest stages to a gelat- 
inous swelling and degeneration of individual collagen bundles; (2) a surround- 
ing zone of peculiar and characteristically arranged large mononuclear cells; 
(3) an enclosing zone of dense and relatively avascular fibrous tissue. 

The blood vessels in the area of the nodffle itself rarely show significant 
changes, but the arterioles and capillaries in the surroimding tissue are the site of 
characteristic lesions. 

There is a striking resemblance between the histological appearance of these 
nodules and those which occur in rheumatic fever. 

The bacteriological investigations have been entirely negative. 

Discicssion 

(Dr. Emanuel Libman, New York City.) I want to speak because I feel that 
this valuable contribution, so excellently presented, should not be passed with- 
out any discussion. Were any nodules fotmd near the sacro-iliac synchondroses? 
I ask this question because I have been much interested in the nodules found 
in that situation by Goldscheider who believes that they are of gouty origin. A 
thorough study of them has not been made. I feel that they indicate a metabolic 
disturbance, and that it is still to be proved that they indicate real gout. Gold- 
scheider has found urate crystals in some of them, and believes that when such 
crystals are not found, they had been present and had been absorbed. It would 
be interesting to determine whether or not all nodules over the sacro-iliac syn- 
chondroses are of metabolic origin. Possibly some may be found to be of infec- 
tious origin, or even of combined metabolic and infectious origin. 

(Dr. Kurt Semsroth, Pittsburgh.) I was particularly interested in the fact 
that Dr. Dawson referred to the type of necrosis as gelatinous. If I was not mis- 
taken, the particular type of necrosis, starting with the gelatinous swelling of the 
connective tissue, has been stressed by Dr. Dawson. When I examined his sec- 
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Sarcoma in Wild Mallard Ducks, David L. Belding, Boston. 

The Neutrotropism in the Htoian Testicle aih) Hypophysis. Louis Berger 
(by invitation), Quebec, Can. 

A New Meningococcus-like Organism (Neisseria Flavescens, n. sp.) 
PROM Epidemic Meningitis. Sara E. Branham (by invitation), Washing- 
ton, D. C. (cf. Ahslracts). 


Report of Case of Acute Leukemia ivith Autopsy. Baxter L. Crawford, 
Philadelphia, Pa. 

Experimental Pneumococcus Infection in the Horse. Theodore Curphey 
' (by invitation). New York City. 

The Behavior oi the Colon Bacillus and Its Specific Bacteriophage 
IN Urine Cultures. Frances C. Frisbee (by invitation) and W. J, Mac- 
Neal, New York City. 

Erythroleucosis and the Anemias of the Fowl. J. Furth (by invitation), 
Philadelphia, Pa. 

Metastasizing Carcinoid Tumor of Jejunum. Istvan Caspar (by invitation), 
Rochester, N. Y. 

Struma Ovarh. J. L. Goforth, Dallas, Texas. 

A Fatal Case of Generalized Moniliasis with Special Refe^nce to the 
Pathology. S. R. Haythom and (by invitation) G. H. Robinson and 
L. W. Johnson, Pittsburgh, Pa, 

Attempted Chemotherapy in Experimental A- Hoyt (by invita- 

tion) and C. W. Jungeblut, New York City (cf. Ahslracts). 

Small Cell Cancers of the Lung. Howard T. Karsner and Otto Saphir, 
Cleveland, 0. 

■NT-cn-DTiCMi OF THE Pleura — Mesothelioma and Fibrosarcoma. Paul 
""‘“ereTartbyStW C. B. Rabta, New Yo* City. 
STAffl>A»l.mTl0K or AKlIGEtt. B. S. Lovtae (by invitation) ftnes Bl 
Blood Chawods Duniso Tn™osoME SEpncnm*. Mard W. Lnjton (by 
invitation), New York City, 

WnTTTrTFS AND THE FOLLICULAR ARTERIES OF THE SPLEEN. 

®"“Sa“=J™bvitaUon)J.M.Bavid, New Yo* City. 

SxoDDts » B«yo»BLLA ^ J Matmotston-Gottesntan (by nt- 

vitation) and David Perla, New York City. 

■Air wrrv PyrntfOWARY TUBERCULOSIS IN THE RaBBIT. 
TSE Evolution SaS^o, Mt. McGregor. N. Y. 

E M Medlar and (by invitation) K. i . 

.nry. FfttHELIUM TO THE MuCOSA IN PACHYDERMIA LARYN- 
Meeker, New York City. , ^ , . . • 

fJiok or InoD BV tetAMHABOKV RBAonoK. Valy Menlon (by ntyta- 

tion), Pbnaddphi^ Kidney. Robert 

The Total Number oe G^meruu in 

A. Moore, Clevelan , • p^y^oNARY Arteriocaphlary Fibrosis. 

Eli Moschcowitz, New York City. 
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Attempted Chemotherapy in Experuiental Rabies. A. Hoyt (by invita- 
tion) and C. W. Jungeblut, blew York City. 

Abstract. A typical and constant infection was produced in white rhice by the 
intracerebral injection of fixed virus. The animals usually showed beginning 
paralysis in about six days, and died on the eighth or ninth day. 

In experiments involving 255 mice, which were injected intracerebraUy with 
0.02 cc. of different dilutions of virus, the approximate minimiun fatal dose was 
1:320 dilution of this virus. Though the majority of animals injected with 
amounts of virus up to as little as i :i28o died of rabies, a few survived. Beyond 
this point the percentage of survivals increased rapidly. 

Attempts were made to protect mice against rabic infection produced by 
intracerebral injection of one or more minimum lethal doses of fixed virus, by 
prophylactic treatment with silversalvarsan, neosalvarsan, tryparsamide, Bayer 
205 (Germanin), plasmochin, optochm and quinine bisulphate. The drugs, with 
the exception of quinine bisulphate, w'ere injected intravenously in doses as large 
as could be tolerated. Treatment was ordinarily started on the day of the infec- 
tion; in some cases it was continued by one or more subsequent doses of the drug. 

None of the drugs used displayed the slightest prophylactic or therapeutic 
effect on the infection, under the conditions of the experiment. There was, how- 
ever, often a slight prolongation of the incubation period of the disease in some 
of the treated mice, as compared with that of the controls. This was especially 
noticeable with silversalvarsan and Bayer 205 (Germanin), while the incuba- 
tion period appeared to be actually shortened by the administration of the 
quinine compounds. Caution should be used in interpreting the above results, 
as the incubation period of a few naice, treated with distilled water only, was 
likewise sh'ghtly lengthened. 

Blood Changes During Trypanosome Septicemia. Richard W. Linton (by 
invitation). New York City. 

Abstract. A study of some aspects of the blood chemistry of rats with acute 
septicemia due to infection with Trypanosoma eqniperdum, yielded the following 
results: The carbon dioxide capacity of the senun was markedly lowered early 
in the disease. The non-protein nitrogen and uric acid constituents in the blood 
were increased in the terminal stages. The kidneys also showed terminal degen- 
erative changes. The cholesterol remained unchanged throughout. Lecithin 
was markedly increased, most of the observations showing a 20 to 50 per cent 
rise in this substance. Liver glycogen was lower than normal in the early stages 
and could not be demonstrated in the later stages of the infection. The blood 
sugar remained normal until a very late period in the disease. 

READ BY TITLE 

Cor Biatriatum Triloculare, Complicated by Other Grave Cardiac 
Anomalies and Compensatory Development oe Anastomoses Be- 
tween Bronchial and Pulmonary Circulations mith Formation 01 
Congenital Arteriovenous Aneurysm in Lungs. From a man aged 

20 YEARS -with complete CONGENITAL HEART-BLOCK AND DEATH PROM 
PULMONARY HEMORRHAGE. Maude E. Abbott, Montreal, Can. 

Mucom Neoplasms of the Urinary Tract. Nicholas M. Alter (by invitation) 
and Joseph M. kIcCarthy (by invitation), New York City. 
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Case of Myeloma wth Unusual AjrvLorD Deposition. Beryl H. Paige, 
New York City. 

The Biology of Inflammation. Ernest Pribram, Chicago, HI. 

Endocardial Pockets of the Left Auricle and Ventricle. Otto Saphir, 
Chicago, HI. 

Fulminant Generalized Infection ivith the Pfeiffer Bacillus. Adele E. 
Sheplar and Lawrence Sophian (by invitation), and W. J. MacNeal, New 
York City. 

Glomeric Tumor of the Skin. Charles Simard (by invitation), Montreal, Can. 
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Reticulin of the Areolar Tissue 

With a hypodermic syringe, 1 or 2 cc. of Locke’s solution are in- 
jected into the subcutaneous areolar tissue of the abdomen of a rat. 
There is thus produced a well defined, edematous tumor in which the 
connective tissue elements, normally compressed so closely that it is 
impossible to study them, are separated uniformly so that their ar- 
rangement can be examined in all of its details.-* This valuable 
technique is due to Ranvier. 

The edematous tumor looks like a transparent jelly. A thin 
slice cut with the curved scissors and immersed in Locke’s solution 
holds its shape. It may be mounted between slide and cover glass 
and examined with the ultramicroscope, which reveals perfectly the 
collagen bundles and the reticulin of which this tissue consists.® 
The entire thickness of the abdominal wall may be cut out around 
the tumor, fixed in Zenker’s or Helly’s fluid and embedded in paraf- 
fin, in order to obtain thin sections for staining with Mallory’s 
method; or it may be embedded in celloidin, thick sections impreg- 
nated with silver by the usual methods and mounted in balsam, after 
having dissolved and removed the celloidin. 

The latter preparations are particularly instructive (Fig. i). 
Despite their thickness, which may exceed 50 microns, they are per- 
fectly transparent. Changing the focus enables us to follow the 
fibers over long stretches. The coarse collagen bundles are ribbon- 
like, wavy along their borders as along their surfaces and are pale 
yellow. The opaque black reticulin extends out into the interstices 
so that all of its fibrils and meshes are seen distinctly. Some parts 
form networks of two dimensions which, at their borders, are con- 
tinuous with networks of three dimensions. In aU of these net- 
works the elements are uniformly separated by the injected fluid 
so that the relations between them are not altered, nowhere is there 
the least tearing of tissue. The difierence from the normal state is of 
the same order as the difference between lace which is wet and 
crumpled and the same lace spread out, each thread being detached 
on an optically empty ground. Moreover, if the edematous tumor is 
left to follow its natural course in the living animal, it will disappear 
by itself in a short time and there is nothing, either to the naked eye 
or on microscopic examination, to reveal its former location; no 

lesion remains. 
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RETICULIN * 

J. Nageotte and L. Guvon 

{From the Laboratory of Comparative Histology, College dc France, Paris, France.) 

Since the fundamental work of Mall/ histologists have busied 
themselves much with reticulin. Interest in this form of connective 
tissue increased when silver impregnation provided the means for 
more precise morphological study. One fact particularly attracted 
attention; in successful preparations, reticulin stains black while col- 
lagen bundles stain yellow, thereby fortifying Mali’s conclusion that 
reticulin, yielding no gelatin on boiling, is a substance different from 
collagen. Many authors now designate it as the argyrophil reticu- 
lum, contrasting it with the collagen bundles, which are not believed 
to be arranged in a network. 

Partisans of the unitary hypothesis, Mallory and Parker ^ among 
them, insist that reticulin does not differ essentially from the collag- 
enous framework with which its substance is continuous. If it 
colors black with silver while the collagen bundles stain yellow, this 
is because its finer fibers are more easily penetrated by the silver; 
moreover, with truly elective methods, the staining affinities of the 
two substances are identical. 

Recently, however, by ingenious experiments, Foot ® has sought 
to establish the reason for the argyrophilia. He attributes it to a 
special substance which impregnates the reticulin and which can be 
extracted by sodium hydrate. 

In this paper, we shall describe briefly our observations of the 
structure of several t3^es of reticulin. We shall then study some new 
facts relating to the physiochemical constitution of the fibrils of the 
collagen framework in general, which seem to us to support the 
unitary hypothesis. 

Received for publication July 23, 1930. 
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Reticulin of Nerve, Muscle and Fax 

Although the noble elements of these tissues are as different from 
one another as it is possible to be, their respective reticulins are con- 
structed on exactly the same principle; and this principle is precisely 
the opposite of that which we have described as governing the rela- 
tions between the fibroblasts and the framework of the areolar tissue. 
Instead of submitting passively to the infiuence of the framework 
and allowing itself to be modelled by it, as do the fibroblasts, each fat 
ceU, each nerve fiber and each muscle fiber envelopes itself in an ex- 
tremely delicate and close-meshed reticulum, which constitutes an 
individual sheath closely applied to it. 

These close-meshed, reticulated sheaths spring from branches of 
fine collagen fibers of a much coarser network that lies between the 
noble elements, so that the sheaths form a continuous whole even 
though each sheath is distinctly individualized. 

In the nerve, the ensemble of the framework forms the endoneu- 
rium, the structme of which was described but incompletely by the 
earlier authors who studied it with silver. Plenk ^ first sketched the 
details, but these were studied more precisely by Laidlaw with 
the aid of his excellent method of silver impregnation. 

In the muscle, the perimysium is constructed on a similar type. It 
has long been known; we shall not dwell on it further. 

We ourselves have studied the adipose tissue in thick frozen sec- 
tions.^^ This technique furnishes preparations that are imperfect as 
a whole, but in which certain points present images more demon- 
strative than thin paraffin sections. Fig. 2 represents one of these 
points. It shows the relations between the protoplasmic wall of the 
fat cell and the reticulated envelope, and between this individual 
sheath of the fat cell and the interstitial framework common to the 
tissue. 

In closing the discussion of reticulin under this category, we should 
point out that in both nerve and muscle the reticulin contains fibro- 
blasts which, as elsewhere, lodge as best they may; whereas each of 
the noble elements has its own habitation, carefully constructed. 
In the fat, however, there are no fibroblasts in the interior of the 
lobules; besides the fat ceUs, the lobules contain nothing but mast 
cells and a network of capiUaries without any accompanying connec- 
tive tissue. In order to find fibroblasts, one must search as far as the 
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On examining preparations of the edematous tumor we see the 
coarser bundles of collagen ramif)ring in more slender branches, and 
these in their turn ramifying in finer and finer fibrils, ending in retic- 
ulin. Like the reticulin, the large bundles are arranged in networks. 
The only difference is that the meshes of the reticulin are so small 
that they are seen easily in thin sections, whereas the collagen bun- 
dles form a network of such large meshes that they cannot be fol- 
lowed in their entire extent even in thick sections; but between the 
two are all intermediaries. 

In sections stained by the selective methods of MaUory and Van 
Gieson we may establish another fact; all of the collagen fibers and 
fibrils, when standing alone, stain alike, the intensity depending 
solely on their thickness. Comparison of these preparations with 
those of the same tissue fixed in the natural state, where the elements 
are compressed one against the other, shows that all that which has 
been believed to be amorphous or fundamental substance is nothing 
but compact reticulin f but the degree of condensation of the retic- 
ulin fibrils, when compressed one against the other, is less than that 
of the fibrils in the interior of the collagen bundles. Hence it comes 
about that the so-called amorphous substance appears to be stained 
less deeply than the bundles. On the supposition that this substance 
constitutes a primitive phase in the development of the bundles it 
has been called precollagen, and diminished colorability is given as 
one of its characteristics. This distinction has no serious basis either 
in anatomy or in embryology. It is obvious that in embryonic devel- 
opment the more slender forms will appear first, to increase later at 
all points where there is no reason for them to remain slender; but 
there is no evidence of a chemical evolution in the substance of the 
framework except in certain tissues such as bone. In reality, the 
entire collagenous framework of the areolar tissue is made of one and 
the same substance which is disposed in fibrils, either free or united 
in bundles, without any visible trace of amorphous substance, at 
least not in mammals. 

Finally, we should note that in areolar tissue the fibroblasts, even 
though regularly distributed, do not provoke any change in the frame- 
work of their immediate neighborhood ; they have no appointed places ; 
they are scattered at random and take the form that is imposed on 
them by the space which they occupy. In a word, they are modelled 
by the framework, the structure of which they do not control. 
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conclusions from them. The change in fuchsinophilia with Van 
Gieson’s method seems to us to be correlated with the progressive 
change and destruction of the framework, which necessarily begins 
in the most delicate portions, that is to say, the reticuhn of the pulp. 
That of the trabeculae resists longer because it is more coarse. The 
connective tissue bundles of the capsule are quite well stained after 
boiling for half an hour. This is easily understood. In order to pre- 
vent their staining by acid fuchsin, the collagen must not only be 
transformed completely into gelatin but the gelatin must be dis- 
solved and dispersed, which occurs but slowly. In reality, neutral 
gelatin stains red with Van Gieson, and not yellow as Foot states. 
It may lose its fuchsinophilia, it is true, but for this change to take 
place it is necessary that the pH fall below the isoelectric point. No 
doubt the red staining of the gelatin is less intense than that of the 
coUagen fibers, but this is because it contains more water. 

Like Foot, we have found that reticulin, after boiling, is still col- 
ored black by silver, but the integrity of the network persists much 
longer in the liver than in the spleen. After fifteen minutes of active 
boiling the reticulin of the liver appears relatively well preserved in 
form and it colors black; but its meshes are smaller, due to the 
shrinking of the hepatic cells and to the shortening of the fibrils, 
which contract under the influence of heat exactly like connective 
tissue fibers. Boiling must be prolonged for half an hour to effect a 
profound change in the reticulin, in its structure but not in its stain- 
ing. It swells considerably, trebling the diameter of the fibrils, and 
these segment into small discs, giving them a transversely striated 
appearance (Figs. 3, 4, s). In the spleen, on the contrary, this 
change occurs as early as the fifth minute of boiling. The reticulum 
of the pulp has become very incomplete, visible only here and there, 
but that which remains still stains black. Like the reticulin of the 
liver, the fibers of the trabeculae and those of the capsule are stri- 
ated transversely because of their disintegration into discs formed 
of granules that reduce the silver. After boiling for fifteen minutes 
or even half an hour, this aspect scarcely changes, but in place of 
the network fragmented into granules at the beginning of boiling 
and now having disappeared in form, there remains the debris of its 
substance which still stains with silver. The splenic reticulin, then, 
is less resistant to heat than the hepatic reticulin, but despite the 
changes undergone, the substance of the one, as of the other, con- 
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delicate connective tissue envelope of the fat lobules. What, then, is 
the ceU that is responsible for the formation of the reticulin? 

Rexeculin of the Liver and of the Spleen 

The anatomical arrangement of the reticulated framework of these 
two organs is too well known for us to describe it anew. We shall say 
simply that in the liver the reticulin lies in the only free space, the 
space between the columns of liver cells and the capillaries. In con- 
sequence, its orientation may be attributed as well to the one as to 
the other of these two elements. As for the fibroblasts, they remain 
cantonned in the portal and subhepatic spaces at such a distance as 
to render very doubtful their role in the fabrication of the frame- 
work. 

In the spleen there is an obvious connection between the disposi- 
tion of the reticulated framework and that of the cells of the splenic 
parenchyma. In the malphigian bodies the lymphocytes influence 
the network rather as a group. In contrast, the cells of the pulp are 
individually enshrouded in the meshes of a very regular network 
which is moulded on them. Its fibers present a remarkable feature; 
they are finely and uniformly wavy, so much so that they resemble 
spirochetes, this form being doubtless connected with the great varia- 
tions in volume of the spleen under physiological conditions. Here, 
too, the cells peculiar to the reticulum, which represent fibroblasts, 
have no influence whatever on the orientation of the framework, 
this being governed entirely by the cells of the parenchyma. 

These organs especially are favorable objects for the study of the 
changes made in their substance by the different treatments that 
may be applied. Foot has the merit of commencing studies in this 
field. We have merely sought to verify his results, but our con- 
clusions differ very much from his. 

In the first place, we find ourselves differing from our colleague on 
certain points of technique. This question will be discussed in 
another paper. We shall say here that, contrary to Foot’s state- 
ment, the reticulin can be impregnated perfectly in black and with- 
out difficulty in frozen sections of fresh organs, with no other fixa- 
tion than that resulting from the passage through the ammoniacal 
silver bath. 

As to the results obtained on boiling the spleen, our experiments 
confirm those of Foot in a general way, but we do not draw the same 
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Nrsoo HCl, others in pure water. In these fluids, they expelled 
almost the entire quantity of their protoplasm in the form of white 
clouds, falling slowly to the bottom of the receptacle. After com- 
plete neutralization they were fixed in formol, or Zenker’s or 
Helly’s fluid, embedded in paraffin and cut in thin sections; with 
silver, the reticulin colored a perfect black (Fig. 6). The argyro- 
philia of the reticulin, then, cannot be due to an argyrophil sub- 
stance impregnating the fibrils and susceptible of removal or de- 
struction by the action of 4 per cent sodium hydrate for twenty-four 
hours. 

Stained by Van Gieson’s or by Mallory’s method, these sections, 
almost completely freed from cells, show the reticulin stained selec- 
tively with perfect clearness, whereas in ordinary sections its ex- 
istence would scarcely be suspected. It is well known that an 
analogous procedure, more appropriate for histological research, 
was used by MaU, who resorted to pancreatin to rid the tissue of the 
confusing cells and to reveal the reticulin in an excellent manner at a 
time when silver impregnation was unknown. 

The R6le of Physical Properties in Silver Technique 

The achievements as well as the defects of silver technique de- 
pend on this, that they rest on physical properties rather than on 
chemical affinities, as we shall now show. In a section of connective 
tissue colored with silver, the large bundles are yellow, the smaller 
bundles are darker as they become smaller and the finer fibrils are 
black. It is said currently that the parts of the connective tissue net- 
work that stain black are argyrophil, which would imply that the 
parts colored yellow are argyrophobe; but this selectivity of the two 
colors is far from being invariable. Varying with the fixative and the 
slightest details of technique, the black is seen to encroach more and 
more on the yellow, and indeed it is not difficult to stain all black. 
Thus Laidlaw’s method for the peripheral nerves colors the 
pia mater exactly like the individual reticulated sheaths of the peri- 
pheral nerve fibers. The color of the reduced silver, then, so far as it 
concerns the elements of the connective tissue framework, is a rela- 
tive and not an absolute property. 

Coloring by silver depends on the formation of a colloidal sol 
which fixes itself on the constituents of the tissues, themselves also 
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tinues to color black with silver as long as it is not completely 
disintegrated. 

In short, staining by silver and by acid fuchsin both show progres- 
sive alteration of the framework, ending in its destruction; but silver 
enables us to see the debris of the reticulin as long as it exists, 
whereas fuchsin does not. Is there anything surprising in this? The 
Van Gieson stain reveals almost nothing of the intact framework of 
the liver or of the splenic pulp as long as the cells of these organs 
remain in place; and the staining power of the fuchsin on reticulin 
diminishes necessarily when the proteid matter of the fibrils swells 
and is diluted by the absorption of water in boiling. The swelling 
may be estimated as at least twenty times the original volume and 
the intensity of the staining per unit volume must be decreased in 
the same proportion. In coloring by metallic impregnation, on the 
contrary, there is no necessary relation between the volume of the 
colloidal silver precipitated and the quantity of the proteid mole- 
cules. After boiling, the swelling of the fibers, augmenting their per- 
meability, may favor the accumulation of the metal and produce 
the opacity despite the absorption of water. Thus the contrast de- 
scribed by Foot between the conservation of the argyrophilia and the 
diminution of the fuchsinophilia in boiled reticulin finds a natural 
explanation and there is no need of any hypothesis. 

Furthermore, it is obvious that boiling, which fragments the reti- 
culin, changes its substance much more than does sodium hydrate 
which, acting for twenty-four hours, causes no morphological change 
in the reticulum, does not destroy the fuchsinophiha, as Foot has 
proved, or its argyrophilia, as we shall show. In fact, concerning 
the disappearance of the arg3T:ophilia after treatment with sodium 
hydrate, we are obliged to contradict Foot’s statements. 

Slices of liver and spleen of dogs, about 5 or 6 mm. thick, were im- 
mersed for twenty-four hours in normal sodium hydrate (4 per cent), 
washed thoroughly until neutral, fixed in Helly’s fluid and frozen 
sections made. The reticulin impregnates black without the slight- 
est difficulty. 

In another experiment, small pieces of dog’s liver, 2 mm. thick, 
were suspended from tiny glass hooks which served to transport 
them to the different fluids without exerting the least mechanical 
action on them. After twenty-four hours in the sodium hydrate, 
where they became white and very soft, some were immersed in 



640 


NAGEOTTE AND GUYON 


The penetration of substances dissolved in a heterogeneous colloi- 
dal medium is an extremely complex phenomenon. At each passage 
from one phase to another, there occur reactions which modify 
their distribution on the one side or the other of what are known as 
the interfaces, and these reactions may influence the reduction of 
silver in the silver techniques, which would explain the accumulation 
of colloidal precipitate in these interfaces. As we shall see presently, 
this is easily demonstrated. There are other properties of the inter- 
faces, however, which perhaps play a stiU more important role in 
the process under consideration. 

We would speak of the phenomena connected with the radius of 
curvature and consequently the surface tension, which increases 
rapidly as the dimensions of the object diminish. Quincke has calcu- 
lated the conditions of equilibrium in cells of various dimensions, aU 
other conditions being equal. For spheres of radii of 10 microns, i, 
and 0.08 micron, the interior pressure must exceed the external pres- 
sure by 0.046, 0.46 and 5.75 atmospheres respectively. With colla- 
gen fibers, which have no semipermeable membrane, it is not the os- 
motic pressure that intervenes, as with cells, but the pressure of 
imbibition. Practically it amounts to the same thing, for, in the 
swelling of coUoids, the water is absorbed much more in proportion 
than the salts. 

To the differences in internal pressure are added necessarily differ- 
ences in the electric phenomena in the interfaces; for these phenom- 
ena also depend on the size of the particle. We know the consider- 
able role of electricity in colloidal phenomena and consequently in 
the methods of silver impregnation. 

In support of what we have just said on the importance of the in- 
terfaces, we shall present two orders of facts: (i) the manner in 
which fibrin behaves toward silver according to the medium in which 
the fibrils occur; and (2) the constitution of the silver sol in the con- 
nective tissue preparations as revealed by the ultramicroscope. 

Conditions under Which Fibrin Colors 
Black with Silver 

Fibrin formed in the tissues passes for non-argyrophil. We have 
not yet sufficiently studied this question, which the variability of 
fibrin makes very complex, to have a personal opinion on this point. 
This much is certain, that the thin clot of citrated plasma formed on 
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in the colloidal state. In the first place, we know that the color and 
opacity of a metallic sol depend on the dispersion of the metal, that 
is, the dimensions of its particles, much more than on the quantity of 
metal in suspension. In the second place, hydrophil colloids, that is 
to say, albumins, and in consequence the substances composing the 
connective tissue framework, have a permeability which varies much 
more according to their hydration than according to their chemical 
constitution. The composition of the baths, their concentration, the 
proportion between the silver salt and the reducer, all play a capital 
part in the degree of dispersion of the colloidal silver which is pro- 
duced in the course of the reduction. 

If these factors should operate in a homogeneous medium, per- 
fectly permeable to all the substances employed, the resulting color 
would be uniform; but collagen, even supposing it to have an invari- 
able chemical composition, is far from being homogeneous and its 
permeability is not invariable. Being itself colloidal, its dispersion 
may vary from one point to another; and it is arranged in fibrils 
which are sometimes free and merely alongside of one another, some- 
times massed in dense bundles. The fibrils of a connective tissue 
bundle are not associated accidentally and temporarily. The bundle 
is a stable anatomical unit which does not dissociate in the edema- 
tous tumor when all the fibrils of the reticulin separate one from 
another. What is the cause of this stability? We do not know ex- 
actly but, as we shall show presently, there are reasons for believing 
that around each bundle there is a membrane, too thin to be demon- 
strated and yet capable of modifying the permeability of the whole 
bundle; and that, in the interior, the fibrils are more or less aggluti- 
nated, with what substance we are unable to see. These are condi- 
tions which differ physically very much from those in which the 
fibrils of reticulin find themselves. 

Permeability is a very important factor. It affects the concen- 
tration of the penetrating reagents, probably more that of the re- 
ducer than that of the silver. In Cajal’s method, the periphery of 
the piece is black, even if it has been cut before immersion in the 
reducer. Toward the center it is paler and paler yellow’^, more espe- 
cially because the reducer arrives there more and more diluted. 
Moreover, in the zone where the general color is yellow, the large 
axons are yellow while the small ones are black. This is exactly what 
happens among connective tissue fibers colored with sDver. 
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coarser reticulin such as that of the liver of the larger animals, the 
fibrils are bordered on each side by a bright line but the central por- 
tion remains dark. 

With higher magnification all of these lines appear finely granular, 
even when the impregnation is very pure and when the filaments ap- 
pear smooth by transmitted light. It is obvious that this appearance 
is due to a multitude of tiny reflecting surfaces. In the yellow areas 
the silver granule is smaller, often invisible; the aspect is that of a 
submicroscopic sol and the reflection by the surface of the coUagen 
bundle is similar to that of a smooth surface. The yellow, trans- 
parent silver, then, is more highly dispersed than the opaque silver 
which appears black by transmitted light because of its opacity. 

The blackening of the fibers is partly due to a thick deposit of 
silver on their surface, for their diameter seems greater when colored 
with silver than by other methods. Moreover, on examining coarse 
fibers, those of the liver for instance, with high magnification and 
transmitted light, we see that their center is not absolutely opaque. 
If the color were due exclusively to a uniform impregnation of the 
entire thickness of the substance, such an appearance would not be 
produced. A metallic deposit on the surface of a filament is the 
result of physical attraction and not of chemical combination with 
the substance of the filament. 

On the surface of the yellow collagen bundles, by transmitted 
light, we see nothing indicating a deposit of silver. This deposit 
exists nevertheless, for it reflects in the ultramicroscope, but it is 
too thin and too transparent to be seen by direct illiunination. It is 
even possible that it is this thin veil of silver on the surface of the 
yellow objects that gives to the images in sections stained by Cajal’s 
method, even when they are very thick, that perfect definition of the 
finest details, often noticed, which no other technique has attained. 

In the course of a silver impregnation we may concede two suc- 
cessive phases: (i) colloidal silver is produced as a chemical phenom- 
enon in the reagents; (2) it localizes and fixes itself by a phenomenon 
of election which rests on the physical properties of the tissues. Ob- 
viously, the physical properties of a body depend on its chemical con- 
stitution but only in a certain measure. There is no question that 
different bodies may reahze equivalent physical conditions and, on 
the contrary, the same body, according to circumstances, may ac- 
quire different physical properties. It follows that various sub- 
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a slide by adding a drop of a solution of calcium chloride to a drop of 
plasma, washed to remove the albumin of the serum and fixed in 
Helly’s fluid, impregnates an opaque black just as well as does reti- 
culin (Fig. 7). However, if we use the spontaneous clot removed 
from a centrifuge tube in which it has formed, wash it superficially, 
fix and embed in paraffin, the result is quite different. At the pe- 
riphery, in the thin layer that has been affected by the washing, the 
fibrils impregnate black, the better as they are nearer the surface; 
in the center is seen nothing but granular matter uniformly colored 
brown, without the least trace of fibrils. Nevertheless fibrils exist at 
the center as well as at the periphery, for phosphotungstic acid 
hematoxylin brings them out very clearly. A change in the medium 
outside of the interface, then, suffices for the material inside of it, 
the fibrin, to manifest an argyrophilia that had been completely 
masked. 

Ultramicroscopic Study of Silvered Preparations 

The ultramicroscope, the instrument par excellence for the study of 
colloids, enables us to see interesting aspects of silvered prepara- 
tions, both those stained by Cajal’s method and those treated by the 
techniques derived from that of Bielschowsky. In sections mounted 
in balsam, all luminous phenomena due to the hydrophil colloids of 
the tissues vanish, leaving visible those belonging properly to the 
colloidal substances introduced by the fixative or by the staining 
fluid, and especially to the colloidal silver that is fixed on the ana- 
tomical elements. In this way we may study the metallic sol, recog- 
nize the degree of fineness of the granules, which varies according to 
the territories where deposited, and learn the peculiarities of its elec- 
tive distribution. 

With transverse illumination of a preparation colored with silver, 
the reticulin is brilliantly illuminated in white, sometimes also in yel- 
low, in a dark field. The collagen bundles, on the contrary, when they 
have been colored yellow in the preparation are illuminated dif- 
fusely, though permitting their fibrils to be seen more or less; but 
when the light is regulated carefully, their borders give a bright re- 
flection of yellow tint. It is obvious that their surface is mirror-like 
(Fig. 8). 

In a fine reticulin, such as that of the edematous tumor or of the 
splenic pulp, each filament appears as a simple brilliant line. In 



^44 NAGEOTTE AND GUYON 

succeeded in obtaining a connective tissue framework, have con- 
firmed this absolutely,^^ and it had already been demonstrated by 
the methods of pure histology. What cells have the power of invok- 
ing the appearance of a connective tissue framework? Fibroblasts 
inhabit almost the entire extent of the framework, and it is quite 
natural to believe that they play the principal part in its formation; 
but we must not be too exclusive. In adult tissue, we have already 
shown the intimate relations existing between reticulin and various 
cells in territories where fibroblasts exist and also where they do not 
exist. This is much more obvious in the embryo where certain dis- 
positions of the framework around the notochord (von Ebner, 
Klaatsch) and in the cornea (Kessler) cannot be explained reason- 
ably if one would reserve to the fibroblasts alone the privilege of fab- 
ricating the interstitial substance. In reality, many kinds of cells 
are capable of collaborating in the construction of the connective 
tissue edifice. What reasons have we for believing, therefore, that 
all of these collagens of diverse origins are identical? 

Let us leave to one side the question of the multiple origins of col- 
lagen which wUl occupy us later on; let us not insist on those in- 
stances where the connective tissue plays an accessory r 61 e of inter- 
stitial framework for the noble elements of the viscera, of the mus- 
cles, of the nerves or merely of the subcutaneous fat. Let us limit 
ourselves to the forms in which of itself it constitutes a part of the 
organism and where as fixed cells it contains only fibroblasts, the 
derma, the subcutaneous areolar tissue and the tendons. Among 
these different forms of collagenous tissue we find considerable dif- 
ferences, not only of texture but also in the dimensions and grouping 
of the fibrils, the transparency or, on the contrary, the reflecting 
property of the bundles, their aptitude to swell — in a word, physical 
variations so great that we must be tempted to suppose them bound 
to chemical variations in spite of the uniformity of their staining 
affinities. 

These are the tissue variations of the collagen framework which 
end in the formation of different connective tissues; but each one of 
these tissues, in its turn, may not be identical in all regions of the 
organisms. This fact is obvious for the derma and we shall give 
presently a remarkable example for the tendon tissue. There are, 
then, regional variatiotis which superpose themselves on the tissue 
variations. 
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stances may impregnate black while the same substance, of the col- 
lagen group, may impregnate either in black or in yellow according 
to circumstances. The argument in favor of the duality of sub- 
stance, based on the different color taken by reticulin and by the 
collagen bundles, is of no value. 

Physicochemical Constitution oe the 
Collagen Framework 

What we have just said does not mean that collagen is identical in 
all vertebrates, nor that in animals of the same species it is identical 
in all parts of the connective tissue framework; it means simply that 
histological methods are impotent to reveal the variations which 
logically one might suppose to be present. 

Like all albumins, collagen is a polypeptid. We know that these 
Substances vary infinitely according to the number and kind of their 
constituent amino-acids, the manner of union of the radicles, the 
pol3rmerization of the molecules. Among the albumins there are 
classes characterized by certain primordial properties; among these 
classes there are groups possessing secondary properties in common, 
and so on as far as the ultimate variety which differs from its neigh- 
bor only in an insignificant detail, and which cannot be distinguished 
with certainty by any means at our disposal. 

A priori, it is quite probable that collagen has not a uniform com- 
position in the whole extent of the connective tissue framework, and 
it is certain that it varies from one species of animal to another. In 
the first place, what is collagen? We have reasons for believing that 
it is a complex formed by a certain kind of protein with neutral salts 
of metals that exist in the animal economy. Here already is a cause 
of variability, for these salts are many and it is not unreasonable to 
suppose that each connective tissue fiber, whether of reticulin or of a 
collagen bundle, may consist of a mixture of molecules differing one 
from another by the salt which they contain, the proportions of the 
mixture differing from one organ to another. The albumin may vary 
also. 

We know that the connective tissue substance appears between 
the cells, in contact with them but not by the exfoliation of a so- 
call edexoplasm which has been supposed to detach itself from their 
substance. Maximow’s observations in tissue cultures, in which he 
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tissue, present great interest from the general point of view. They 
show that the specific activity of homologous cells is everywhere sub- 
ject to the influence of a regulation of a superior order. It is the 
entire organism, an energy system, coordinated and equilibrated in 
all of its parts, which controls the quality as well as the quantity of 
the substances elaborated by each one of its elements; it matters 
little whether these products are intracellular or intercellular. How- 
ever, by its very generality, this principle ceases to be applicable 
when we are searching for a specific difference between reticulin and 
the collagenous substance which are mixed intimately in the same 
tissue. 

In fact, it is probable that reticulin is not identical everywhere. 
We have shown that the reticulin of the spleen, for example, behaves 
differently from that of the liver under the influence of heat. Does 
this result from different properties or merely from greater fragility 
due to the delicacy of the splenic reticulum? Or from the action of 
substances expelled from the cells by the heat? Of this, we can 
assert nothing. 

Since Mall’s time, it has been believed that the great characteris- 
tic distinction between collagen and reticulin is the yielding or non- 
yielding of gelatin. We have tried to verify Mall’s statement that 
the action of pancreatin usually prevents the formation of gelatin 
and have found that tendons digested for twenty-four hours in the 
incubator, in a solution of pancreatin of Mall’s formula and freed 
from all cellular elements, yield gelatin on boiling as easily as fresh 
tendons. Moreover, in those organs where the authors find no gela- 
tin, it may be that the gelatin is merely made soluble in the cold and 
consequently prevented from jelh'ng by the action of substances 
coming from the parenchymatous cells, the mass of which is in- 
finitely greater than that of the reticulin, and that for this reason 
the presence of gelatin was overlooked. 

Suppose that we should succeed in eliminating this error and 
demonstrate to a certainty that, as far as the production of gelatin is 
concerned, the framework of a viscus is different from that of a given 
connective tissue; still this does not suffice to establish a specific dif- 
ference between the two substances, collagen on the one hand and 
reticulin on the other. To reach this conclusion, it is necessary to 
prove a difference between the chemical constitution of collagen and 
reticulin in the same tissue, the areolar tissue, for instance. 
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Must we seek then among the fibroblasts for special varieties en- 
dowed with different potentialities as the first cause of all these ana- 
tomical, physical and probably also chemical variations of the col- 
lagen framework? Scarcely. When dead tendons are grafted in 
areolar tissue, the graft attracts the fibroblasts from the surrounding 
tissues, and at the same time that it is vacularized it is repeopled 
completely, to the point that it resumes definitely the properties of 
living tissue. The fibroblasts of the areolar tissue change their 
form when they penetrate the tendinous framework and assmne im- 
mediately all the characteristics of tendon fibroblasts.^®’ In our 
opinion, this experiment shows that even those varieties of fibro- 
blasts that are most dissimilar in appearance possess in reality the 
same powers. Hence we are led to consider the different forms of 
collagenous framework as conditioned essentially by the place where 
they develop in the organism and by the totahty of the interrelations 
which govern in the territories which they occupy. 

As far as collagen is concerned we can distinguish these diverse 
substances produced by cells of the same species only by differences 
in certain physical properties; but there exist other and more favor- 
able substances where it is easy to present evidence of chemical dif- 
ferences. As an example we shall take the regional variations of a 
substance entirely different from the albumins, but which lends it- 
self particularly well to the demonstration. The subcutaneous white 
adipose tissue is everywhere similar, in appearance at least, but 
already the microscope shows that the fat cells, otherwise specifi- 
cally identical, have different dimensions according to the different 
regions of the body. In Delphinus tursio, Margaillan has shown 
that, even though the contents of the fat cells everywhere consists 
of oil, it differs none the less in chemical composition from one ter- 
ritory to another. . These chemical territories are more or less exten- 
sive (in the head, for instance, there are three very small ones) but 
their anatomical delimitation is invariable. Moreover, the different 
chemical territories are not scattered in a disorderly manner; the 
variations observed in the chemical composition of the oil follow a 
systematic order in the entire extent of the subcutaneous fat. In a 
word, there is a chemical architecture of the fat comparable to the 
cyto-architectonic and the myelo-architectonic of the cerebral cortex. 

Chemical variations of this kind, which are established with cer- 
tainty for the fat and which probably exist also in the connective 
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ing in a collodion sac. The liquid then takes the form of a limpid 
jelly which melts irreversibly about 5o®C. If, instead of heating 
this jelly, it is acidified again, it is redissolved and becomes again 
capable of forming a fibrous dot by the action of neutral salts. 

The dissolved substance is the albumin of the collagen, its salts 
having been removed by the reversible action of the acid. If the 
acid is removed by dialysis and the dissolved salts at the same time, 
the albumin jells; but if, without removing the acid, a sufifident pro- 
portion of salt is added, there is produced a mass action, the result 
of which is the reconstitution of the complex albumin plus neutral 
salt, and the reappearance of the collagen in its typical form, which 
is fibrillar. 

These phenomena were long studied by one of us in a series of 
notes.^'^’ We shall repeat here only what can contribute to the 
discussion of reticulin. 

In order to observe the formation of the dot under the microscope, 
two thin, narrow streaks of parafifin should be traced with a hot iron 
along the edges of a slide. A small drop of the tendon solution is 
placed in the middle and covered with a cover glass, which is ce- 
mented along the borders that rest on the parafl&n. The drop, flat- 
tened between the two glasses, should be free all around its margin. 
The free space is then filled with a i per cent solution of NaCl. The 
drop disappears but soon there is formed in its place the reconsti- 
tuted clot of collagen which can be studied with the ultramicroscope. 
It may be fixed also in neutral fonnol, in Bouin, Zenker’s or HeUy’s 
fluid after washing in water to remove all traces of acid; then separate 
the two glasses and treat the layer of clot adherent to each of them 
like any mounted section. 

It is then seen that the clot is formed of fibrils, the thickness of 
which varies in different preparations. These fibrils are simple and 
arranged in feltworks, or they may ramify and anastomose with one 
another in the form of networks with closed meshes which may 
strangely resemble reticulin (Fig. 9). 

In favorable preparations, with the aid of the ultramicroscope, de- 
tails may be seen in the thickness of the coarser fibers, aspects that 
indicate the endogenous formation of secondary fibrils inside of the 
primitive fibrils, all crossing and growing more intricate by intussus- 
ception. In our opinion, this throws light on the mode of formation 
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We have reason to believe that the substance of the reticulin 
of areolar tissue, which is very abundant, does not differ from that 
of the collagen bundles. If, after having spread on a shde a frozen 
section of the unfixed edematous tiunor and applied a cover-glass, 
the preparation be heated along a narrow line by an electric current 
passing through a wire applied to the under surface of the slide, the 
section is seen to divide suddenly into two parts as soon as the tem- 
perature reaches a certain degree. The reticulin and the collagen 
bundles liquefy at the same moment. 

To summarize, we are led to conclude that, extensive as we may 
suppose the tissue and regional variations of the chemical constitu- 
tion of the different elements of the connective tissue framework to 
be (the elastic fibers excepted), there is not at present any reason 
for believing that these differences can furnish a means of separating 
two types, systematically distinct although intimately mingled. 

The Artificial Production of Collagen Fibers in Feltworks, 
OR IN A Reticulum with Closed Meshes 

Under the microscope, with transverse iUmnination, it is easy to 
watch the formation of an artificial fibrous clot of collagen. The 
fibrils appear in the form of extremely fine filaments, scarcely per- 
ceptible, which, in a few minutes, elongate, thicken and become 
luminous at the same time that their structure seems to become 
more intricate. 

To observe these phenomena, it suffices to treat the tendons of a 
rat’s tail for twenty-four hours with a dilute acid, acetic acid 
1:25,000, for instance. The tendons are obtained by beginning at 
the tip of the tail and tearing off pieces i cm. long. One tail yields 
about 70 eg. of tendons, which are placed in a dish containing 50 cc. 
of the acetic acid solution, taking care to disperse them well through- 
out the fluid. If, after half an hour, there is not much swelling, 
change for fresh fluid. In twenty-four hours the tendons vfiU be much 
swollen and very fragile. The solution is filtered through several 
thicknesses of gauze. It is limpid, slightly viscid, and contains a 
little more than i :iooo of dissolved substance. 

An opalescent fibrous dot can be produced in a test tube by add- 
ing to this fluid solutions of neutral salts of various concentrations 
(NaCl from 4 to 20 per mille) ; or the acid may be removed by dialyz- 
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over, all the tendons of the rat, the rabbit and the dog, when treated 
with sodium hydrate and a dilute acid, yield Collagen B; but the 
tendons of bovines have been completely refractory up to the present 
time. Whether treated by an acid or by sodium hydrate, they swell 
and become transparent; if the action of the sodium hydrate is pro- 
longed, they dissolve but they do not at any time yield substances 
coagulable by neutral salts. 

We do not conclude from this that the different tendons are made 
of specifically different substances but merely that there are varieties 
in the chemical species collagen. While presenting many features in 
common, these varieties may be distinguished by properties just 
as striking as those on which many authors rely to make two dis- 
tinct species of reticuhn and collagen. 

Summary 

1. There exist different varieties of reticulin, all in continuity of 
substance with the collagen bundles in such manner that the con- 
nective tissue framework forms a single system. The elastic fibers, 
on the contrary, though mingled with the connective tissue frame- 
work, have no continuity with it. 

2. The subcutaneous areolar tissue is well adapted to complete 
histological analysis. Thanks to the procedure of the edematous 
tumor and contrary to the general opinion, it can be demonstrated 
that the collagen bundles form a network like the reticuhn. From 
the network of reticulin, which in this tissue is particularly delicate, 
to the network of collagen bundles, the transition is gradual and con- 
tinuous, for the thickness of the fibers as weU as for their coloring by 
silver. 

3. When, in a tissue provided with a connective tissue frame- 
work, there are fixed cells other than fibroblasts, it is these cehs that 
govern the arrangement of the reticulin. The fibroblasts, on the con- 
trary, are scattered at random; they lodge where they can and they 
do not cause to be constructed around themselves any special 
arrangement. 

4. In the adult, the fibroblasts people the connective tissue frame- 
work in almost its entire extent, but they are absent in some terri- 
tories, such as the fat lobules and the hepatic lobules, where the 
framework is exclusively reticulated. 
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of collagen bundles. We may thus explain the relations of the fibers 
to one another in these bundles and also their enveloping mem- 
brane, the existence of which we have been led to suppose from the 
mirror that forms on the surface of the silvered sections. 

We shall call the substance of this artificial clot Collagen A. In 
polarized light, its fibrils have the same birefringence as those of 
natural collagen. Like the latter, they may be fixed and stained by 
selective methods. They take the am'lin blue of Mallory, the acid 
fuchsin of Van Gieson; they stain red with phosphotungstic acid 
hematoxylin. Finally, although their substance was derived from 
tendon, they are as “argyrophil” as the fibers of reticulin itself, for 
they impregnate easily in opaque black. Collagen A is certainly 
very dose to the natural collagen. It differs only in its greater solu- 
bility in dilute acids, probably due to a slight polymerization. 

Only the tendons of the rat’s tail give Collagen A, The other ten- 
dons swell without dissolving. However, another substance, differ- 
ing from Collagen A but also coagulable in fibrils by the action of 
neutral salts, may be extracted from the tendons of the rabbit and 
the dog. We shall designate this substance Collagen B. The tech- 
nique is as follows: The tendons are left to swell for twenty-four 
hours in normal solution of sodium hydrate (4 per cent). They are 
then washed to the point of neutrality and treated with dilute acid, 
as already described. There results a fluid which, treated as before, 
yields a fibrous clot. This clot differs from Collagen A in that its 
fibers are finer, tortuous, always ramified and anastomosed in closed 
networks of peculiar aspect. Moreover the clot is fragile, but when 
treated by the selective histological methods it stains exactly like 
the dot of Collagen A and it also impregnates perfectly black with 
silver (Fig. 10). Here then is a substance which, after having re- 
sisted sodiiun hydrate, is yielded by the tendon when treated with 
dilute adds and which is no less argyrophil than reticulin itself. 

These experiments show that it is useless to try to distinguish 
reticulin chemically from collagen by the color that it takes with 
silver. They show also how much homologous substances, though 
colored alike by the same technique, may differ when submitted to 
other methods of investigation. Under the action of dilute acids, the 
tendons of the rat’s tail behave differently from the tendons of the 
paws of the same animal and the tendons of other animals. More- 



652 


NAGEOTTE AND GTJYON 


nature to establish a distinction between a collagenous system and a 
reticulin system; for nothing has been observed so far that warrants 
the supposition that the collagen part and the reticulin part of a 
given tissue differ in any way in the chemical constitution of their 
substance. 

For the translation of this memoir, we have profited by the kind- 
ness and competence of Dr. George F. Laidlaw. We offer bim our 
cordial thanks. 
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5. Treatment of the tissues mth normal solution of sodium hy- 
drate (4 per cent) does not hinder the impregnation of the reticulin 
in opaque black by silver. 

6. Boiling the tissues, which causes progressive fragmentation of 
the reticulin, does not prevent the coloring of the fragments with 
silver as long as they persist. The reticuhn of the pulp of the spleen 
does not resist boiling as long as that of the hver. 

7. In silver impregnations, the color assumed by the fibers de- 
pends on physical conditions, on their thickness and conformation, 
but not on their chemical composition. This feature, then, cannot 
serve as a criterion to establish a systematic distinction between col- 
lagen and reticulin. The interfaces play an important role. Viewed 
with the ultramicroscope the collagen bundles present a broad, 
mirror-hke surface, while the reticular fibers appear as sparkling 
hues. 

8. Like reticulin, fibrin stains black with silver, on condition that 
the clot has been washed before fixation, but it does not stain if the 
albumins of the serum remain in contact with the fibrils. 

9. Authors state that concentrated decoctions of viscera sub- 
mitted to prolonged boiling do not jell on cooling. This result, the 
chief argument for the dualistic hypothesis, may depend on several 
causes; even if it does not rest on a parasitic phenomenon, in itself 
it is no more important than other variations observed in the attri- 
butes of the connective tissue proper, according to the tissue or the 
region involved. 

10. Treated with a dilute acid, the tendons of the rat’s tail, but 
not those of the paws, yield a substance (Collagen A) which coagu- 
lates in fibrils under the influence of neutral salts. These fibrils have 
all the properties of natural collagen except that they are more easily 
soluble in acids; they stain black with silver exactly hke reticulin. 
The tendons of the rat and those of the rabbit and the dog, treated 
with sodium hydrate and then with a dilute acid, yield another sub- 
stance(Collagen B) which also coagulates in fibrils vith neutral salts. 
These fibers also stain black with silver. Tendons of bovines 3deld 
neither CoUagen A nor CoUagen B. 

11. To say nothing of differences in the zoological series, homolo- 
gous substances in the same animal present regional variations that 
selective stains do not reveal. Variations of this kind exist between 
the reticulins of various organs, but these differences are not of a 
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With the exception of Fig. 2, all the figures are photographs without retouching. 
All of the preparations were colored with ammoniacal silver. 


Plate 121 

Fig I. Artificial edematous tumor of the abdominal subcutaneous tissue of the 
rat. The reticulin is black. The coUagen bundles in ribbon form are light yel- 
low in the section, scarcely tinted in the photograph. 

Fixation; bichromate-formol-uranium (Tupa’s fluid). Celloidin section, 
50 microns thick, x 250. 

Fig. 2. Reticulin of the adipose tissue. Reticulated sheath of the fat cells. 
Some of the cells have been sliced by the knife and show their thin proto- 
plasmic wall beneath the reticulum. Loose-meshed intercellular reticulum. 

Fixation: formol-bromid. Frozen section, 100 microns thick. Drawn 
with camera lucida. 
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Fig. 3. Reticulin of intact horse liver. 

Fixation: Zenker’s fluid. Paraffin section, 10 microns thick, x 500. 

Fig. 4. Same liver after boiling one-quarter of an hour. 

Fig. 5. Same liver after boiling half an hour. 

Fig. 6. Dog’s liver treated with 4 per cent NaOH for 24 hours. The hepatic 
cells have disappeared. The reticulum is intact morphologically and colored 
black. 

Fixation: Helly’s fluid. Paraflin section, 15 microns thick, x 500. 
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Plate 123 


Fig. 7. Thin fibrinous dot of dtrated rabbit plasma, formed on the slide by 
adding a solution of CaClo; washed; fixed in Hellj^’s fluid, x 500. 

Fig. 8. Capsule of horse liver. Reflection from the surface of the collagen 
bundles, colored yellow in the preparation. The light is regulated so that 
the interior of the bundles is not illuminated and remains absolutely black. 
Nothing is seen but the reflection from their surface. 

Fixation: Zenker’s fluid. Paraffin section, 10 microns thick. Ultramicro- 
scope. X 400. 

Fig. 9. Artificial clot of Collagen A (tendons of rat’s tail), formed between slide 
and cover-glass b}"^ mixing the acetic acid solution with i per cent NaCl. 

Fixation: neutral formol, 10 per cent, x 500. 

Fig. 10. Artificial clot of Collagen B (tendons of rat’s tail), treated first with 
4 per cent NaOH, then by HCl, N:5oo. Same technique for the coagulation. 

Fixation: Helly’s fluid, x 500. 
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pear quite prominent. Areas of degeneration or necrosis are never 
evident to the unaided eye. 

The microscopic reaction is well marked. Different phases of it 
may be simulated and even duplicated in some other severe toxemias, 
but, on the whole, the reaction is sufficiently characteristic to dis- 
tinguish yeUow fever from other tropical infections with which, at 
times, it may be confused. 

The appearance of the pulp is noteworthy, in so far as it presents 
two important findings. The first is the absence of an inflammatory 
reaction. In about 80 per cent of the cases there is a marked con- 
gestion of the sinusoids, which brings into unusual prominence the 
architectural structure of the pulp. Unlike the active splenic hyper- 
emia of septicemia and typhoid, the congestion of the spleen in yellow 
fever is rarely accompanied by any increase in the white blood ele- 
ments. One recognizes without much difficulty that the condition is 
essentially not of the nature of an acute splemtis. Secondly, the 
fixed tissues of the pulp are not hyperplastic. This is in marked con- 
tradistinction to the condition caused by relapsing fever, malaria, 
and Weil’s disease, in which one observes a notable increase in the 
endothelial framework. As we shall see, proliferative changes in the 
yellow fever spleen are confined almost entirely to the malpighian 
corpuscles. 

The reticulo-endothelial cells of the pulp frequently show primary 
enlargement and are somewhat more active than usual in phago- 
cyting the red blood cells. In most cases the pulp contains large 
wandering ceUs of a peculiar type, which we shaU presently consider. 

The most striking changes are to be observed in the malpighian 
corpuscles. By examining the spleens of a large number of individuals 
who died at different stages of the disease, we were able to foUow a 
definite sequence of alterations, the quality of which may be better 
understood if we first review briefly the normal cytology of the lym- 
phoid foUicle. / N , , , 

The observations of Thiel and Downey (1921) show that the mal- 

pighian corpuscle has a supporting framework, or reticulum, formed 
oiimnaUy by slender strands of vascular endothelium which grow out 
from the central arteriole and its tiny branches. A lymphogenic 
function is conceded to the ceUs of this reticulum, but whether or not 
aU the lymphocytes of the normal fofficle are manufactured s^tu, 
is in question. The splenic corpuscle often presents a germinal center 
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In a former communication (Klotz and Simpson, 1927) the pathol- 
ogy of the spleen in thirty-five cases of West African yellow fever was 
discussed. Since that time we have examined splenic tissues from 
many more cases, both human and animal, from America and 
Alrica, and these later studies have led to a more comprehensive con- 
sideration of the subject. 

The pathological diagnosis of yellow fever rests mainly upon the 
recognition of the specific necrosis (Councilman lesion) in the liver; 
but not infrequently postmortem changes or poor fixation mask the 
true nature of the changes in that organ, and render the tissue un- 
suitable for study. In such cases considerable assistance may be ob- 
tained by the microscopic examination of the spleen, for the charac- 
teristic alterations in this organ are not so readhy obscured after 
death. Again, it may occasionally happen that the particular block 
of tissue cut from the liver of a yeUow fever victim wiU show no typi- 
cal lesion. In such instances, observation of the changes in the spleen, 
and to some extent in the kidney, will prevent the true diagnosis 
from being passed over in the interim before further examination of 
the liver is possible. Aside from having a diagnostic importance, the 
pathology of the spleen is not without interest, for it illustrates a 
peculiar effect- of the unknovm toxin elaborated in yellow fever. 

In the gross, the yellow fever spleen is characterized by the ab- 
sence of distinctive changes. There is no appreciable alteration in 
size unless the individual has previously been infected with chronic 
malaria, which is frequent enough, or with some other complicating 
disease which produces splenomegaly. The organ is usually dark in 
color, flabby, and at times friable in consistency. On the cut surface 
the malpighian bodies are, as a rule, reduced in prominence and lack- 
ing in definition, but they may, on the other hand, occasionally ap- 

* The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Health Division of the Rockefeller 
Foundation. 
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The sharply defined nuclear membrane and the chromatin are 
deeply stained and contrast with the pale nucleoplasm.” 

The nucleus has a gently undulating surface which is character- 
istic; and not infrequently karyokinetic forms are manifested. Oc- 
casionally one or two of these cells may be found in a normal splenic 
follicle, especially in relation to the germinal center, while in many 
instances of acute febrile toxemias they are noticeably increased; but 
in the early splenic reaction to yellow fever they have a quantitative 
prominence which makes them a distinctive feature. This phase of 
the reaction is usually superseded, when death occurs, by changes in 
which the large mononuclear cell plays a less conspicuous part. Only 
about 20 per cent of our cases presented this early extensive 
mononucleosis. 

Since the cell in question bears little or no resemblance to an endo- 
thelial leucocyte and is not phagocytic, the term “free endothelial 
ceU” is probably misleading. It is more correctly designated as a 
primitive form, probably belonging to the lymphocytic series, and 
its presence is to be viewed as the result of a peculiar stress brought 
to bear upon lymphopoietic tissue. It is even more prominent in the 
lymph glands under identical circumstances. We shall, therefore, 
refer to this cell as a “primitive mononuclear,” for the purpose of 
clearly differentiating it from the phagocytic large mononuclears of 
the blood and the cells of the reticulo-endothelial system. 

Close upon the initial expansion of the follicle comes a diminution 
in the number of small lymphocytes. This is a constant feature of 
the yellow fever spleen. In many instances the primitive mononu- 
clear cells are accentuated by want of the normal constituents of the 
follicle. The whole organ eventually becomes impoverished of small 
l3miphocytes. The follicles become reduced in size and definition. 
Sometimes the disappearance of lymphocytes is so marked that 
many follicles virtually fade out of the picture, leaving only the arte- 
riole and reticular skeleton. 

As the small lymphocytes become less and less numerous, the 
primitive cells likewise gradually diminish, and the endothelial retic- 
idum of the follicles becomes more and more hyperplastic. New 
cells bud off from the branching structure as from a vine. Not un- 
commonly one finds the lymphoid elements of the follicle almost 
completely replaced by a prohferation of smaU ovoid ceUs, which at 
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morphologically comparable to that of the lymph node. Under ordi- 
nary circumstances the endothelial framework is so distended with 
small lymphocytes that it is not recognizable, save in the periphery 
of the follicle where crowded concentric strands sharply divide the 
lymphoid elements from the adjoining pulp. The cells of the retic- 
ulum are connected only by slender cytoplasmic processes; their 
nuclei are slightly ovoid and tend to be somewhat vesicular. 

Probably the earliest alteration found in the spleen in yellow fever 
is the appearance of large, unusual, mononuclear cells in and about 
the follicle. By the addition of these cells the foUicle may become 
somewhat larger than normal. Usually its outline is blurred during 
this expansion process, but it may, on the contrary, become more 
sharply defined owing to the resistance of surrounding tissues. 

The large mononuclear cells met with under these conditions are 
usually prominent, and often show a striking deviation from the nor- 
mal. They are scattered through the lymphocytes, usually most 
numerous about the periphery of the corpuscle, where they some- 
times form a mantle encircling the whole structure. In sparser fash- 
ion they are scattered over the pulp areas. They bear no regular 
relation to the fixed tissues and appear to migrate freely from one 
part of the spleen to another. 

It is unusual to find any trace of germinal centers during this 
phase of the reaction. The large mononuclear cells dominate the 
whole foUicle. These cells are somewhat variable in appearance but 
apparently belong to one type. They probably have their origin in 
situ. The structure of the nucleus varies from that which is t3^ical 
of the majority, to that of large semidetached reticular cells, and it is 
not difficult to trace a transition between the two. Some of the inter- 
mediate forms are large, oddly shaped, and vesicular, but the major- 
ity are fairly uniform. 

Turnbull (1913) described them thus: “The Malpighian bodies 
contain, in addition to lymphocytes, an increased number of cells 
which, in default of any generally accepted name, wiU be referred 
to here as ‘free endothehal cells.’ These cells are approximately 
round and occupy an area equal to from three to four-and-a-half red 
corpuscles. The protoplasm is non-granular and basophil. The 
nucleus occupies half or more of the cell. The chromatin is arranged 
as a, usually wide meshed, net of narrow rods, and is also massed 
as a stout capsule round each of the three of four large nucleoli. 
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scribed above, appear in the spleen in acute febrile states other than 
yellow fever, but they are rarely found in cases of chemical poison- 
ing. They are to be interpreted as a response to a severe toxemia. 

Primary enlargement of the newly developed reticular cells is ob- 
served around the periphery of the follicle. The nuclei are swollen 
and vesicular, presenting many bizarre forms which probably repre- 
sent preliminary steps in the genesis of the primitive mononuclear 
cells. 

About 20 per cent of our preparations show the presence of a few 
large multinucleated giant cells scattered through the pulp. They 
resemble the megakaryocytes of the bone marrow. Turnbull be- 
lieved them to be derivatives of the large mononuclear cells. They 
are seldom quantitatively prominent, and they occur in the splenic 
reaction of other conditions. Indeed, it is not uncommon to find an 
occasional giant cell in the relatively normal spleen. 

In those spleens which may be said to be in the end stages of the 
yellow fever reaction, one finds many curious masses of nuclear 
debris lying in the pulp. The fragments making up such a mass are 
usually in the shape of rings and crescents, and are jumbled together, 
forming a large, composite, irregular nuclear body without any ap- 
parent cytoplasm. The phenomenon may represent the phagocy- 
tosis of a number of small degenerate nuclei by a large pulp ceU 
which has itself degenerated, or it may be simply a retrograde 
change in a multinucleate giant cell. We have not observed such 
masses in conditions other than yeUow fever. 

A moderate eosinophilia is often present in the spleen of advanced 
cases. The granulocytes are of a mature type and appear to be scat- 
tered through the pulp. There is no evidence of myelogenous pro- 
liferation within the spleen. 

When the walls of the malpighian arteriole become severely dam- 
aged it is not uncommon to find hemorrhage into the follicle. Such 
a lesion is, however, of no moment. 

Discussion 

In a limited nmnber of cases, we have had opportunity to com- 
pare the changes of the splenic corpuscles with those of lymph glands 
in the same individual, and we have foimd a striking similarity. 
These synchronous changes in the main lymphoid depots of the body 
lead to the conclusion that the changes in the splenic corpuscles are 
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first sight appear to be degenerated lymphocytes, but on closer ex- 
amination prove to be reticular cells, joined by frail cytoplasmic pro- 
cesses and growing in a compact mass. One can usually make out a 
few small lymphocytes and a few primitive mononuclear cells in the 
meshes of this endothelial hyperplasia. 

With this activity on the part of the fixed tissues of the follicles, 
germinal centers spring into existence and frequently become promi- 
nent. These foci of growth often arise in relation to a small arterial 
twig, the wall of which appears to supply the parent tissue. Such 
germinal centers lack the loose cellular structure of the normal and 
are prone to degenerative changes. 

When the endothelial h3rperplasia reaches these proportions, de- 
generation invariably overtakes it. Indeed, at this stage the whole 
organ shows an intense toxemia, and has a peculiar appearance. 
Nearly all nuclei throughout the whole tissue tend to be somewhat 
washed-out or vesicular, and the cytoplasm is hyalinized and often 
vacuolated. 

Many of the primitive mononuclear cells in pulp and follicle ap- 
pear to be undergoing mitosis, but the chromatin material lacks the 
delicate structure of normal karyokinesis. With coincident evidence 
of retrograde changes in the cytoplasm, the mitotic process is to be 
viewed as a perverted response of a degenerating ceU rather than as 
normal ceU division. 

Degenerative changes are most prominently featured in the mal- 
pighian corpuscles. The wall of the central arteriole is transformed 
into a pale homogeneous hyahne substance which spreads out as if it 
were in a plastic state. As a result the contour of the vessel becomes 
distorted. The tiny branches of the main arteriole are similarly 
affected. 

The peculiar germinal center found in this phase of the reaction 
undergoes severe retrograde changes during the process of growth. 
It appears to be a fused mass of pale waxy cytoplasm, similar in con- 
sistency to the substance of the arteriolar wall. Often it contains 
nuclear debris and sometimes is the site of necrosis attracting poly- 
nuclear leucocytes. The mass is occasionally sharply limited by the 
surrounding tissues, as if it had developed by a rapid, expansive 
growth. 

False germinal centers, as we term the abortive formations de- 
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Changes in lymph glands parallel those of the splenic corpuscles, 
which is evidence of the fact that yellow fever toxin has a selective 
action upon lymphopoietic tissue. 

We have found a careful examination of the spleen to be fre- 
quently helpful in facilitating a pathological diagnosis where yellow 
fever must be differentiated from other conditions giving rise to liver 
and kidney damage. 
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DESCRIPTION OF PLATES 
Plate 124 

Fig. I. Normal splenic corpuscle showing part of germinal center. From an 
individual who died instantaneously with a fractured spine, x 200. 

Fig. 2. Early reaction in splenic corpuscle in yellow fever. A marked mononu- 
cleosis may be seen, x 200. 
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but a part of the general reaction of the whole lymphopoietic sys- 
tem. The leucopenia associated with yellow fever is probably a re- 
lated effect of the yellow fever tojdn. 

Toxins of different diseases frequently manifest some selective 
action on different parts of the hematopoietic system. Thus, many 
produce an anemia, others a polynuclear leucocytosis, and still 
others an abnormal activity on the part of reticulo-endothelial 
cells. None of these effects are observed in yellow fever, but instead 
there is a leucopenia and evidence of a progressive irritation and 
cytolysis in the l3Tnphogenic tissues. 

In the spleen there is an absence of the lesions which characterize 
the liver pathology of the disease. The Councilman necrosis is lack- 
ing, fatty change is negligible, and the nuclei present no suggestion of 
specific inclusion bodies. 

Summary 

In yellow fever, the spleen, like the liver, presents no distinctive 
gross features comparable to those seen under the microscope. 

Active hyperemia is met with in about 8o per cent of cases, but is 
unaccompanied by a leucocytic infiltration. 

There is absence of hyperplasia in the fixed tissues of the pulp. 

Changes in the malpighian corpuscles characterize the splenic pic- 
ture of the disease. Here, we recognize four phases of the reaction: 

1. Mononucleosis. The type cell is an undifferentiated mononu- 
clear derived from the reticular tissue of the foUicle; it never en- 
tirely disappears during the entire course of the disease. 

2. Lymphope7iia. There is a striking loss of lymphocytes from 
the whole organ which persists throughout the reaction. 

3. Hyperplasia of the fixed tissues of the follicle. False ger min al 
centers are formed. 

4. Degeneratio7i. This is manifested throughout the whole spleen 
by vesicular nuclei and waxy degeneration of cytoplasm. False ger- 
minal centers undergo retrograde changes, amounting sometimes to 
actual necrosis. Pseudomitosis of the primitive mononuclears is ob- 
served. Large fragmented nuclear forms appear in the pulp. 

A third of the cases show a few large multinucleate giant cells re- 
sembling megakaryocytes. 

A moderate eosinophilia is commonly observed in the later stages 
of the reaction. 



Plate 125 

Fig. 3. Second stage of yellow fever reaction in splenic corpuscle. Loss of 1 }™- 
phocytes is well marked. The reticulum of the corpuscle is prominent and 
large mononuclears may be seen budding from it. x 200. 

Fig. 4. Later stage of 3'ellow fever reaction in splenic corpuscle. The wall of the 
arteriole is swollen and hyalinized. The reticulum is h.vperplastic and de- 
generate. On the left is part of degenerate false germinal center. There is 
almost a complete absence of lymphocj'tes. x 200. 
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carried out at the laboratories of the West African Yellow Fever 
Commission of the Rockefeller Foundation at Yaba, Nigeria, is in- 
cluded in the group. Care was taken to select only tissues obtained 
immediately after death and in which fixation had been properly 
carried out. 

Several methods of fixation were used: Zenker, formalin, and 
Muller-formol. For general purposes of cytoplasmic and nuclear 
study the Zenker fluid without acetic acid served best. Formalin- 
fixed tissues of each case were cut on the freezing microtoime and 
stained for fat with sudan-scharlach R and Nile-blue sulphate. Be- 
sides the routine hematoxylin-eosin stain, a number of other staining 
methods were applied to t|he Zenker paraffin sections, such as special 
Giemsa, phloxine-azure-B -bromide for intranuclear changes, Perle’s 
stain for iron. Best’s carmine for glycogen. Van Gieson’s for stroma 
reticulum, and Goodpasture’s fuchsin. We found it essential that 
the paraffin sections should not be more than four microns in thick- 
ness, otherwise the minute cytoplasmic and nuclear changes tend to 
be masked. 

For comparison, forty-five cases of hver necrosis resulting from 
causes other than yellow fever were studied. This group included 
cases of acute yellow atrophy, eclampsia, Weil’s disease, typhoid, re- 
lapsing fever, and six different kinds of poisoning. 

In another paper we discuss the identity of the pathological 
lesions in the yeUow fever cases occurring in Africa and in America. 
There is no longer need to designate the diseases upon these two con- 
tinents by separate names, such as African yellow fever and Amer- 
ican yeUow fever. It is now an established fact that there is but 
one yeUow fever, and the findings reported in this paper apply to the 
disease in both hemispheres. 


Gross Pathology 

Macroscopic examination of the Uver of the yeUow fever victim 
does not reveal constant and characteristic changes such as are seen 
under the microscope. It is not often that the amount of damage vis- 
ible to the unaided eye arrests the attention m so stnhng a manner 
as does that which is shown by the microscope; and in no instance is 
It possible to make an accurate estimate of the extent of the hver 
ne^^sis by examination of the gross specimen alone. In this respect 



THE PATHOLOGY OF THE LIVER IN YELLOW FEVER * 

Oskar Klotz, M.D., and T. H. Belt, M.D. 

{From the Department of Pathology and Bacteriology, University of 
Toronto, Toronto, Canada) 

Renewed interest has developed in the study of yellow fever since 
the reports of the West African Ydlow Fever Commission of the 
Rockefeller Foundation, through whose efforts, in 1926, it was shown 
that the Leptospira icter aides is not related to the disease in West 
Africa, and that the guinea pig is not susceptible to the disease. Un- 
til 1927 yellow fever had never been experimentally produced in the 
lower animals. In that year the Commission undertook the task of 
finding a susceptible animal and was finally successful with the Ma- 
cacus rhesus. Reproduction of the disease in this animal has facili- 
tated research and has given pathologists an opportiinity to learn 
something of the nature of the yellow fever virus. Although, iip to 
the present, no visible organism has been discovered, it is known 
that the infecting agent possesses the qualities of a filtrable virus, 
both in its behavior under extraneous influences and in its attack 
upon susceptible tissues. 

With the knowledge that yeUow fever belongs to the group of 
virus diseases, we have given particular attention to the examina- 
tion of the liver for the purpose of determining the nature of the 
speciflc changes which this organ undergoes during an attack of the 
disease. The importance of definite knowledge concerning cyto- 
plasmic and nuclear changes is accentuated by the fact that not a 
few of the virus diseases show pecuhar, and at times specific, intra- 
cellular changes by which they may be identified. The present study 
is confined to the Hver, for the reason that no other organ or tissue 
has been found to show such constant characteristic lesions. 

Our series of cases represents, without exception, natural fatalities 
from yellow fever. Hvunan material was obtained from fifty West 
African cases and forty-three American cases. In addition, material 
from nineteen Macacus rhesus, made available through researches 

* The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Heal^ Division of the Rockefeller 
Foundation. 
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nent feature. Jaundice of the liver and other structures of the body 
is most pronounced in individuals dying after the eighth or ninth day 
of illness. Ordinarily the size of the liver remains normal, or is 
slightly increased. The enlargement is never great and is caused by a 
slight diffuse edema involving both the stroma and parenchymatous 
cells. 

On section there is evidence of cloudy swelling. The cut edges of 
the organ project upward and are everted. The larger portal vessels 
are sunk below the plane of the cut surface. The fresh tissue is a 
definite pinkish gray-yellow, a dull indefinite color, which becomes 
lighter and yellower as it remains exposed. The lobules are indis- 
tinct and cannot be clearly defined; frequently the central vein can- 
not be recognized. This lack of distinctness is no doubt due to the 
swelling of the lobules and the compression of many of the vascular 
channels, including, to some extent, the central vein. Some investi- 
gators have intimated that in the early stages of the disease the cen- 
tral vein area of the lobule is greatly congested, while in later stages a 
more uniform appearance of the cut surface is encountered. These 
differences in appearance can probably be accounted for by the dif- 
ferences in time after death at which the autopsy was performed. 
With the drainage of the blood from the liver, the structure of the 
organ becomes more uniform in appearance. It is true in the case of 
both humans and monkeys that when autopsies are performed im- 
mediately after death, the central vein is not uncommonly found to 
be prominent, as if in a state of passive congestion. This central con- 
gestion is, however, never so prominent or so persistent as the pas- 
sive congestion caused by heart disease. We have never seen definite 
hemorrhagic necroses in the gross specimen of the liver. 

The yellow color which makes its appearance diffusely in the liver 
and which may at times be described as clay color, at times as box- 
wood or ochre yellow, does not depend solely upon the presence of 
bile pigments, but also upon the fatty changes which always, to some 
extent, accompany this disease. Moreover, it is probable that the 
small quantity of bile which escapes during the acute disease is ab- 
sorbed by the fatty materials and gives rise to the peculiar yellow 
color. As the quantity of fat present in the yeUow fever liver varies 
tremendously, the associated changes likewise vary. The oft-re- 
peated statement that the knife used in sectioning the liver appears 
greasy, and that quantities of fat may be scraped from the cut sur- 



PATHOLOGY OP LIVER IN YELLOW PEVER 


665 


the lesion encountered in yellow fever differs from that associated 
in our experience with acute yellow atrophy of the liver, and with 
toxic necrosis of the liver as seen in arsenical, carbon tetrachloride, 
and other hepatic poisonings. Moreover, since the liver lesion in 
yellow fever is more uniformly diffuse, except in rare instances in 
which the left lobe may be less involved than the right, the blotchy 
motthng observed in other conditions is absent. On the whole, the 
gross appearance of the hver, the organ most severely involved in 
yellow fever, is disappointing. It is necessary to make a careful mi- 
croscopic study of the organ in order to recognize the characteristic 
lesions. 

Since yellow fever is a disease largely confined to hot climates, 
postmortem changes in the body soon alter the intra vitam appear- 
ances. Many of the variations in the appearance of the liver which 
have been described were the result of postmortem processes. A dif- 
ference of four to six hours in the length of time elapsing between 
death and autopsy will lead to quite marked variations in the color 
and external appearance of the liver. Furthermore, the boxwood 
color of this organ, which has so frequently been mentioned in the 
literature, makes its appearance only when the blood has been natur- 
ally drained away from the organ or has been pressed out after its 
removal. 

The liver maintains its normal contour. It has a smooth and glis- 
tening surface, and there is no evidence of peritoneal change. Occa- 
sional small petechial hemorrhages may be observed under the cap- 
sule, but these are never numerous or large. In the fresh cadaver, 
not over three hours after death, the liver is of a reddish gray color 
shading into yellowish gray. At this time it is never yellow. How- 
ever, if the autopsy is performed six to twelve hours after death, the 
hver is more decidedly yellow, but still has a reddish cast in its tis- 
sues. If the blood is allowed to drain from the hver after the organ is 
removed from the body, or if a portion of the hver is compressed 
between the fingers, the exsanguinated portions will appear quite 
yellow, sometimes even an ochre yellow, the color of boxwood. Only 
when postmortem changes have progressed, with their secondary tis- 
sue damage, have we found the hver of truly jaundiced appearance. 
At times the hver may appear quite red on its outer surface, with no 
evidence of extensive necrotic processes in the lobules. This is par- 
ticularly true of fulminant cases, in which jaundice is not a promi- 
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shall presently consider in turn, are to be viewed as independent 
effects of the blood-borne damaging agent of the disease. 

There is a wide variation in the intensity of liver injury, but in 
every instance well marked and characteristic changes are found. 
The severity of the lesion bears no fixed relationship to the clinical 
severity of the attack. Some very acute and rapidly fatal cases show 
only a minimal liver lesion. 

Cytoplasmic Changes 

Faffy Deposits: The occurrence of fat in the liver cells, though 
somewhat variable in amount and distribution, is constantly ob- 
served and must be considered as characteristic of the disease. It is 
laid down in large and small droplets: the former occupy the better 
preserved cells, the latter the more degenerate cells. Large droplets 
were met with in only about one-half of our cases, but the finely 
divided or granular fat was always present. Both forms stain alike 
and probably represent expressions of the same process, whether it 
be an accumulation of physiological fat due to a local failure of fat 
metabolism, as Mallory believes, or a lipoid deposition in the cyto- 
plasm resulting from disintegration of compound bodies. It is not 
possible to distinguish between fatty infiltration and fatty degenera- 
tion in yellow fever livers. The most one can say is that the larger 
fat droplets are found in the necrobiotic and partly injured cells, 
which, in the matter of functional activity, stand midway between 
the apparently healthy peripheral cells and the necrotic cells. Ne- 
crotic cells contain only the finely divided fat which- may appear in 
considerable quantity. 

The total quantity of demonstrable fat in the liver lobules varies 
from case to case, and we have never been able to correlate the ex- 
tent of the fatty change with any particular character of the disease. 
At times, in fulminant cases, heavy deposits of fat appear in the 
liver, but at other times a similar condition is discovered in less 
intense cases where death was caused by renal complications. It 
must be remembered that extremely fatty livers in which the tissue 
is loaded with a fat deposit sufficient to catch the eye at autopsy and 
lead to the comment of “greasy liver,” are unusual. When such a 
fiver is found, the fat appears in large globules and occupies the cells 

in all zones of the lobule. 



PATHOLOGY OP LIVER IN YELLOW PEVER 


667 


face, has been overstressed and exaggerated. Some livers are de- 
cidedly fatty, and in such cases a block of the tissue will float on 
water, but this is by no means a common finding. 

Only the most careful examination with the magnif3dng glass wiU 
reveal evidence of necrosis. As the necrotic areas are not accom- 
panied by interstitial hemorrhages, and as the fatty-icteric hue per- 
vades the tissue diffusely, there are but few marks by which one may 
recognize the necrotic areas. Furthermore, this form of necrosis 
differs from that found in acute yellow atrophy, in that the necrotic 
liver cells do not undergo rapid dissolution; there is therefore rel- 
atively little actual loss of substance at the time of death, on the 
fifth or sixth day of illness. Hence, also, there is no evidence of the 
“pitting” or depressions which usually mark the areas of necrosis in 
the liver in other diseases. There are no thrombi in the portal sys- 
tem, and no change can be distinguished either in the hepatic artery 
or in the veins. The bile ducts also show no change, although the 
bile along their tracts and in the gall bladder may be quite viscid and 
thick. 


Microscopic Pathology 

Microscopic examination reveals a severity of liver injury which is 
in striking contrast to the small amount of damage visible in the 
gross. In the preliminary survey of the tissue a marked disorganiza- 
tion of the parenchyma is at once apparent. There is jiunbling of the 
liver cords to a greater or lesser degree, with proportionate distortion 
of the sinusoids. The injury consists in a process of necrosis and 
necrobiosis which is remarkable in several respects; the entire lesion 
is of a non-inflammatory character and lacks an exudative response 
save in the presence of a secondary process; it is more diffuse than 
focal in character, but in the majority of cases involves chiefly the 
midzones, tending to spare the peripheral and central parts of the 
lobules; evidence of a rapid autolysis is lacking so that there is no 
alteration in contour nor reduction in size of the lobules, such as one 
might expect in consideration of a widespread cell destruction; the 
structures of the portal sheaths are practically unaffected, and inter- 
stitial hemorrhage is rarely found. 

A peculiar form of necrosis invariably dominates the microscopic 
picture, but fatty change and cloudy swelling contribute to the le- 
sion in every case. These three degenerative processes, which we 
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ni3,n or Eiiiiiia.1. Th.6 necrosis may apparently supervene at any stage 
of the degenerative process, though it is probably preceded in all 
cases by some degree of fatty and cloudy change. 

The proportion of the lobule actually necrosed varied roughly 
from 5 to 100 per cent in the different individuals of our series, with 
the mean average somewhere about 80 per cent (see Chart I). An 
appreciable number of the human cases showed comparatively slight 
damage to the liver, having less than a tenth of the hepatic cells 
necrotic. It is in cases of slight damage, such as these, that the 



Percentage of Average Lobule Destroyed by Necrosis 

peculiar distribution of the necrosis is best demonstrated. It runs to 
aU parts of the lobule and is variously described as diffusely sprin- 
kled, scattered, sporadic, or patchy. The cells of a given liver colrnnn 
are affected discontinuously; single cells at irregular intervals are 
attacked in part or as a whole, or small groups of two or three ad- 
jacent cells fall prey together. 

As greater proportions of liver cells become necrosed, midzonal 
destruction is more and more emphasized. This localization, stressed 
by Rocha Lima, is well marked in livers which have between 30 and 
go per cent of the average lobule involved in necrosis. Midzonal 
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The zonal distribution of fat is often considerable, and shows itself 
chiefly in relation to the midportion of the lobule. This zone, even 
when showing a well marked zonal necrosis, contains a sufficient 
munber of necrobiotic cells to make the deposit prominent. How- 
ever, in other cases where the midzone necrosis is well advanced, a 
fatty zone may delimit the necrotic area on each side so that an ap- 
parent peripheral as well as central zone of fatty degeneration is 
found. Moreover, the fat may appear in unequal quantities and dis- 
tribution in the different lobules of the liver. 

When stained with Nile-blue sulphate, some of the granules in the 
necrotic cells manifest the reaction of fatty acids or their compounds, 
but throughout the lobule the droplets are almost entirely of the 
nature of neutral fat. 

Cloudy Swelling: Some degree of cloudy swelling is constantly 
present in the liver parenchyma. We have found scarcely a single 
instance of a normal liver cell in all our preparations. This type of 
degeneration is manifested chiefly by a finely granular appearance 
of the cytoplasm and a moderate edema in the better preserved cells. 
It is a diffuse and even change of the cytoplasm involving little alter- 
ation in staining qualities. The granules are only obscured when the 
cytoplasm undergoes coagulative hyalinization. When the necrotic 
process occupies chiefly the midzone of the lobule, the cells in both 
the peripheral and central zones show cloudy swelling. The swollen 
appearance of many of the cells is, of course, accentuated by their 
engorgement with fat. It is probably owing to this edema and fat 
deposit that the Hver cells are larger than normal, accounting for the 
shghtly increased bulk of the liver despite the presence of paren- 
ch3Tnatous necrosis. 

Hyaline Necrosis {Councilman Lesimi): The degenerative process 
involving the liver lobule may develop into an advanced stage of 
necrobiosis with the manifestation only of fatty change and cloudy 
swelling. The cytoplasm of the cell under such circumstances is 
markedly rarefied and granular, while the nucleus is swoUen and 
hydropic. But it has not yet passed the point where recovery is im- 
possible. It is only with the manifestation of hyaline necrosis, re- 
ferred to elsewhere as the Councilman lesion, that the cells disinte- 
grate and death occurs. This peculiar change, more than any other, 
characterizes the liver lesion in yellow fever. In our experience it is 
present in all cases of natural fatality from the disease, whether hu- 
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are seen to contain granular fat. Very often remnants of nuclei and^ 
granules of yellowish bile pigment are seen within the hyaline mass. 

The cells or parts of cells undergoing necrosis invariably become 
rounded into spherical forms. This distinctive morphological feature 
adds to the prominence of the hyaline bodies. These bodies tend to 
shrink in the process of preparation so that they are often empha- 
sized in outline by a narrow clear zone, artificially produced. In 
many specimens such discrete bodies are quite numerous and at one 
time they were thought to be amebae or some other unicellular para- 
site — an interpretation which their morphology does, indeed, sug- 
gest, although their variation in size discounts it. They range 
roughly from five to twenty-five microns in diameter. 

Frequently an elongated nucleus is observed, flattened against the 
outline of the necrosing cell in such a way as to simulate the contour 
of a signet ring. Rocha Lima interprets these nuclei as belonging to 
wandering cells which have penetrated the necrotic mass of 05^:0- 
plasm; but whatever their origin, signet ring forms are often quanti- 
tatively and morphologically prominent in the parenchyma of the 
yellow fever liver. 

The spherical hyaline bodies soon lose their contours and disinte- 
grate. This process is hastened by postmortem change, poor fixation 
of the tissue, and advanced stages of necrosis. Thus, in many in- 
stances, the identification of the Councilman change rests more upon 
the staining reaction and the consistency of the affected cells and cell 
parts than upon their morphology. In cases where the liver damage 
is maximal, whole lobules may be virtually littered with amorphous 
fragments of necrotic cytoplasm, which, however, retain their dis- 
tinctive hyaline character. 

The technical process of preparing microscopic sections probably 
exaggerates the natural tendency to crumble which the hyaline 
masses possess. Portions of necrosed cells often appear to lie free in 
the sinusoids. This phenomenon led Councilman to speculate as to 
whether emboli might not thus arise. It seems probable, however, 
that such fragments are detached by the microtome knife, and are 
not free within the blood channels during life. 

In many instances fragments of hyalinized cytoplasm closely re- 
semble distorted red blood cells, and on casual observation, the two 
might easfly be confused. Not a few authors have insisted upon the 
frequency of interstitial hemorrhage in the yeUow fever hver, but we 
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areas of concentrated destruction are, however, in the majority of 
cases, ill-defined and shade off peripherally and centrally into the 
sporadic lesion which reaches to the outer and inner limits of the 
lobule. A narrow zone of cells surrounding the portal sheath is 
the last part of the lobule to be destroyed; its preservation is an- 
other of the characteristic features of the yellow fever liver. 

In most cases both the sporadic and zonal distribution of necrosis 
may be identified, but the former is constant and specific, while the 
latter is uncertain as a diagnostic criterion. The smaller the propor- 
tion of necrosed cells in a lobule, the more scattered or sporadic is the 
lesion, and the less definite the midzonal concentration. Conversely, 
when the midzonal emphasis is lost because of complete destruction 
of the lobule, the sporadic selectivity may stiU be distinguished in 
the varying intensity of necrosis from cell to cell. 

Not all parts of the liver are affected to a hke degree. It is usual 
to find the lobules in any one microscopic section more or less uni- 
formly involved, but in a few instances exceptions to this rule are 
encountered. Lobules lying side by side may be affected in a very 
unequal fashion. In two cafees blocks of tissue cut from the left lobe 
of the liver failed to show lesions characteristic of yellow fever, while 
blocks from the right lobe, subsequently examined, gave a typical 
hepatic picture of the disease. 

Necrosis of the parenchymatous cells, whether scattered sporadi- 
cally or arranged more or less in zones, is always readily recognized 
by the peculiar, acidophilic, hyaline change of the cytoplasm, which 
lias no counterpart in other diseases. Scattered focal necroses have 
been described in a number of diseases, and midzonal necroses may 
arise in severe sepsis and peritonitis, but in none of these do we find 
the characteristics of cell necrosis as we find it in yellow fever. 

Ordinarily the parenchymal cytoplasm is neutrophilic or faintly 
basophilic, according to the degree of differentiation. The necrosed 
cells and parts of cells have, by comparison, a marked affinity for 
eosin and like dyes, which makes for sharp contrast with the sur- 
rounding cells (Fig. i). 

In consistency the necrosed parts are denser and more retractile 
than normal cytoplasm. Their substance is of a homogeneous char- 
acter, which, coupled with acidophilic properties, has given rise to 
the designation ‘‘hyaline necrosis” or “hyaline bodies.” They are, 
as a rule, honeycombed with small vacuoles, which in frozen sections 
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that in the latter there are many changes which may well be attrib- 
uted to the technique of dehydration. In the former, the nuclear 
membrane is well filled with a watery nucleoplasm in which small, 
duU, chromatin granules are scattered more or less evenly. The 
nucleoli can easily be identified but they are not prominent. In pa- 
raffin sections, on the other hand, the same nuclei usually present a 
“washed-out” appearance. Much of the chromatin appears to have 
been lost, while the remainder is granular and collected in small 
irregular clusters on the inner surface of the nuclear membrane and 
the outer surface of the nucleolus. The remaining intranuclear space 
is optically clear. The chromatin shows a loss of affinity for the basic 
dyes and varies in color from bluish purple to dull red. In this type 
of nuclear iteration there is no apparent cleavage between the baso- 
philic and acidophilic elements of the chromatin, but the whole 
undergoes a more or less imiform change. This is the important 
point of distinction between the non-specific nuclear change, and the 
so-called inclusion phenomenon in which a definite separation of 
blue-staining and red-staining chromatin appears to take place. As 
a rule, the nucleoli stand out very prominently,- occasionally they 
take on a faint blue tint, but for the most part they are stained red- 
dish pink. There is a striking frequency of two and three nucleoli 
within a single nucleus. Where multiple nucleoli are not seen, there 
is often marked increase in the size of the single nucleolus. 

A second type of nuclear change is much less prominent, but is 
more t3q)ical of yellow fever in a qualitative way. We refer to the 
so-called “inclusion bodies” and alterations associated with them. 
The term “nuclear inclusion bodies” has come to have a definite 
meaning which one is at a loss to convey tersely except by some such 
arbitrary designation. It is misleading in the sense that it implies 
the presence of extraneous matter within the nucleus. This concep- 
tion is by no means justified; the term is applied to bodies whose 
nature and mode of development are comparatively unknown; there- 
fore it does not lend itself to accurate understanding unless used by 
the author in a specific and restricted sense. 

The nuclear inclusions first described by Lipshutz as peculiar to 
lesions produced by herpes virus are of a definite character, both 
quantitatively and quahtatively. They occur abundantly in experi- 
mental lesions and are easily demonstrated by the ordinary hema- 
toxylin-eosin method. For these reasons herpetic inclusions have 
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believe that this erroneous interpretation has arisen through failure 
to make a critical distinction between erythrocytes and necrotic 
fragments of cytoplasm. The former are never vacuolated, as are 
the latter. 

The nature of the distinctive hyahne change is not clear, except 
that it represents a coagulative, rather than an autolytic process. 
There occurs a condensation of the cytoplasmic substance in which 
may remain incorporated some of the fat and pigment contained in 
the cell before its necrosis. The development of the discrete hyaline 
spherules within the membrane of the living cell probably represents 
a localized coagulative change, wherein a diffusely hyalinized patch 
of cytoplasm becomes isolated and assumes a globular shape. 

In only one of the forty-five cases of liver necrosis in affections 
other than yeUow fever, which were studied for purposes of compari- 
son, did we find a condition resembhng the peculiar pathology of 
yellow fever. This was a case of cellulitis and pneumonia in an in- 
fant, presenting scattered necrotic cells in the fiver parenchyma. 
These cells were completely hyalinized and did not show the partial 
hyaline coagulation of cytoplasm so often observed in yellow fever. 
The necrosis had changed the staining properties of the affected cells 
from neutrophilic to acidophilic, but failed to give rise to that homo- 
geneous change which serves to accentuate the hyaline masses in 
yellow fever. Fine fatty vacuoles were also absent from the hyafin- 
ized cytoplasm, which constituted a further difference; and the dis- 
tribution of the necrotic cells was less diffuse and more focal in 
nature than in yellow fever. 

Nuclear Changes 

In the Human Liver: Nuclei of the fiver cells in yellow fever react 
in a variety of ways, many of which are not distinctive of the disease. 
The commonest change is a combination of nuclear edema, chroma- 
tolysis, and acidophifia of the intranuclear constituents, and al- 
though this combination is found in nearly all yeUow fever fivers, it 
also occurs frequently in other conditions. 

These changes are confined almost entirely to the cells of more 
normal appearance which are affected only with cloudy swelling and 
fatty vacuolation. The intranuclear appearance differs considerably 
in frozen and in parafi&n sections. A comparison of the two shows 
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in further contrast to the swollen nuclei previously described, are 
confined almost entirely to necrobiotic or actually necrotic cells. The 
nuclear membrane stands out sharply as if outlined in India ink. It 
is invariably finely beaded with small dark droplets and granules of 
chromatin. Not infrequently the nuclear outline is distorted in 
shape. The end-stage inclusion fills the whole intranuclear space 
vdth a duU, pink, homogeneous ground substance. Such an inclusion 
has lost its distinctive character, and cannot be accurately spoken of 
as a specific change, for several of the control livers present similar 
forms. 

Of the whole series, then, twenty-three were positive, twenty- 
seven doubtful, and forty-three negative for intranuclear inclusion 
bodies. 

In view of the comparatively small proportion of cases manifesting 
the phenomenon, we investigated the series carefully to ascertain 
whether any factor could be correlated with the presence or absence 
of inclusions. We found that age, sex, and race have apparently no 
bearing on the matter. The length of time intervening between 
death and autopsy was equally variable, and within the usual limits 
in both positive and negative cases. Cases with Zenker-fixed tissue 
show a slightly higher incidence of inclusion bodies than those with 
formalin-fixed material. However, the method of preservation seems 
to be less important than the length of time the tissues have been 
kept. The incidence of inclusions was four times as high in the 
African as in the American cases of our series, but this was probably 
due in part to the prolonged formalin fixation to which the bulk of 
the American tissues had been subjected. From the examination of 
different groups of cases which had occurred in different epidemics, 
it was suggested that some strains of virus might perhaps exceed 
others in their ability to produce specific nuclear changes; but if one 
factor stands out more than another in relation to the presence of 
inclusion bodies, it is the duration of the illness. Among the positive 
cases, none had been ill longer than 6 days, and the average duration 
was 3.8 days. The negative cases ranged between 3 and 12 days of 
illness, averaging 5-8 days. These observations bear out Torres’ 
suggestion that inclusions are present only dunng the period when 
the virus is free in the blood stream. There remains to be explained, 
however the absence of inclusions in certain of our cases that died in 
the early (infective) period of yeUow fever, and the conclusion pre- 
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been studied more extensively than other types, and have come to be 
looked upon as the standard example. From a study of herpetic in- 
clusions in all stages of their development, supplemented by a review 
of the literature, the following broad definition suggests itself as a 
criterion by which we may judge the presence or absence of the 
phenomenon in yellow fever livers: An intranuclear inclusion body 
is fi) not a preformed part of the nucleus, as for instance, chromatin 
or nucleolus; (2) markedly acidophilic, so that it contrasts with other 
parts of the nucleus when stained by ordinary methods; (3) asso- 
dated with preservation of the nudear membrane and migration of 
basophilic chromatin to the periphery of the nudeus; (4) surroimded 
or partially surrounded by a dear space; (5) not possessed of a con- 
stant size or morphology; (6) single or multiple in a single nudeus; 

(7) made up of fine granules, which are more or less uniform in size; 

(8) formed of an unknown substance which has been shown by 
Cowdry (1928) to possess certain constant microchemical properties; 

(9) not of the nature of an artefact since Goodpasture and Teague 
(1923), and Cowdry and Kitchen (1929, 1930) have demonstrated 
it in the fresh unstained cdl. 

Cowdry and Kitchen (1930) have completed a much more ex- 
haustive study of nudear indusions in human yeUow fever than op- 
portimity has permitted us to undertake. These authors have con- 
tributed a comparative description of the known types of specific 
nuclear bodies as they occur in fresh, frozen, and fixed tissues, indud- 
ing microchemical properties and staining reactions to various dyes. 
The authors direct spedal attention to the peculiarities of the in- 
dusion phenomenon as it occurs in yeUow fever; they were able to 
demonstrate spedfic nudear bodies in ten out of thirty-nine hximan 
cases. 

We observed definite nudear indusion bodies in twenty-three of 
ninety-three human cases. In each of these the typical bodies de- 
scribed by Cowdry and Kitchen were foimd, often in such numbers 
as to form a striking feature of the histological picture. Twenty- 
seven additional cases presented a nudear change which we inter- 
preted as being dosely related to the formation of indusions. In- 
deed, they conformed to the picture which Cowdry and Kitchen 
describe as the end-stage. This at3^ical form was seen also in the 
twenty-three cases positive for typical indusions. 

The nudei containing the indusions are, as a rule, quite small and. 
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The associated retrograde changes in cytoplasm also argue against 
normal mitosis. All the evidence, on the contrary, points to a degen- 
erative change in the nucleus in which the metaphase and less often 
the anaphase of mitosis is simulated. We are of the opinion that 
active Kver regeneration is at a low ebb during the acute stages of 
the disease and that few true mitoses are found in any part of the 
lobule. In reviewing the cases it was surprising to note that karyo- 
kinetic figures were no more frequent in individuals surviving the 
tenth to twelfth day of illness, in whom liver necroses were still the 
outstanding lesion, than in those who had died as early as the third 
day. 

In the Macacus Rhesus Liver: The nuclear inclusion phenomenon 
as it relates to yellow fever, was first observed in the livers of experi- 
mental animals and described by Torres in 1928. Subsequently, as 
we have seen, the phenomenon was identified in the hiunan fiver. 
The incidence and character of intranuclear inclusions in the monkey 
are, however, quite different from those in man. Cowdry and Kit- 
chen (1930) have dwelt fully upon this interesting feature and have 
advanced some plausible suggestions as to the cause of the discrep- 
ancy, but an adequate explanation is lacking. 

Of our total nineteen M. rhesus fivers, seventeen were positive for 
typical inclusion bodies, one was doubtful, and one negative. The 
nuclei containing specific bodies were relatively larger than the cor- 
responding nuclei of the human fiver. Moreover, in the experimental 
animal the inclusions were associated with fatty and granular 
changes in the cytoplasm and appeared to precede or be quite inde- 
pendent of the Councilman lesion. In the human cases, on the other 
hand, when inclusions did occur, they were directly related to necro- 
sis. In other minor respects the nuclear changes of the two species 

were similar. 

Other Changes 

About 80 per cent of the cases, hmnan and animal, showed a mod- 
erate deposit of finely divided granular pigment in the parenchymal 
and stellate cells. It was a dull yellowish brown in color. Often the 

pigment lay in a fairly well defined lacuna bordering on the nucleus; 
at other times it was scattered freely throughout the cytoplasm. 
The exact nature of the pigment was obscure but it was probably of 
biliary origin. Attempts at differentiating hemofuscin and hpofusan 
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sents itself that the demonstration of the inclusion phenomenon is 
dependent upon a multiplicity of factors, probably in the following 
order of importance: duration of illness, extent of postmortem 
changes, method of fixation of tissues, length of time of preserva- 
tion, staining technique, and peculiarities of the virus involved. 

In the control group, with one exception, we found no inclusion 
bodies. The exception occurred in the liver of a premature infant 
that had died from undetermined causes 14 days after birth. We 
are indebted to Dr. S. B. Wolbach of the Harvard Medical School 
for the tissue. The inclusions were very clear-cut and numerous, 
but they resembled the inclusions of herpes more than the yellow 
fever variety, and the associated liver damage was quite unlike that 
of yellow fever. 

Nuclei of the parenchymal cells do not manifest pyknosis when 
affected by the Councilman lesion; they either pass through the 
stages of inclusion-body formation, or undergo an allied process 
whereby basophilic properties are completely lost. Such a nucleus, 
when incorporated within a hyaline body, shows as a dense acido- 
philic mass. In other conditions, where the liver cells suffer damage, 
pyknosis of the affected nuclei is common. 

In several of our specimens we noted a nuclear change which re- 
sembled mitosis. It was confined to cells which, as far as we were 
able to judge, had retained their vitality even though the cytoplasm 
was usually granular and heavily vacuolated. The nuclear membrane 
was absent and the chromatin arranged in a duster of fairly regular 
rod-shaped masses or granules which took a dark brownish purple 
stain. At times these fragments were scattered through the cyto- 
plasm as if by an explosive process and in such instances they looked 
not unlike parasitic forms. At other times two irregular groups were 
formed so that the whole resembled a diaster phase of mitosis. Un- 
questionably this is the change which other investigators have inter- 
preted as a sign of cell division, but we do not believe that it can 
properly be viewed as such. If there was active cell proliferation 
during the acute and fatal stage of the disease, as some authors would 
lead us to believe, we should expect to find all stages of karyokinesis, 
but in aU our specimens we have never observed an actual transition 
from prophase to telophase. An occasional true mitotic figure is 
seen, having polar bodies and spindle threads, but the great majority 
of these peculiar nudear forms show no such evidence of cell division. 
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fatty cells, but from this, as Seidelin has said, the conclusion is not 
warranted that obstruction has existed in vivo. In twenty-four cases, 
animal and human, a considerable amount of fresh blood congested 
the sinusoids in the midzonal regions where necrosis was most severe, 
but the presence of actual hemorrhage into the cord interstices was 
very unusual. Van Gieson’s stain, employed in instances of severe 
parenchymal necrosis, demonstrated remarkable preservation of the 
fine stroma reticulum which is probably an additional factor in pre- 
venting hemorrhage from the sinusoids even after the liver cords 
have disintegrated. The majority of our cases presented a bloodless 
condition of the liver and there was a total absence of fibrin or 
thrombi in the blood channels. 

One of the outstanding features of yellow fever is the lack of visible 
damage in the stroma. Herein lies one of the great differences be- 
tween yellow fever and certain other liver necroses. Undoubtedly 
the preservation of the stroma accounts in part for the fact that there 
is no collapse of the lobules, no matter how intensive the damage to 
the epithelium may be. Occasionally the intralobular ramifications 
of Glisson’s capsule are slightly swollen, but there is no fibrous re- 
sponse. In the portal areas of the African cases one sometimes 
encounters a moderate degree of cirrhosis which is obviously quite 
independent of yellow fever. 

Another striking attribute of yellow fever lesions in the liver is the 
lack of inflammatory reaction. Scattered leucocytes are found in 
some liver specimens, both intra- and extravascular, more frequently 
in the monkey than in man, but frank infiltrations are not found in 
the parenchyma. Limited numbers of polynuclear and endothelial 
cells may appear where cellular disintegration has taken place, but 
unruptured necrotic cells do not appear to stimulate leucocyte migra- 
tion. The point we wish to emphasize is that the liver lesion is dis- 
tinctly not of the nature of a hepatitis. 

The bile canaliculi in the liver can frequently be identified. They 
are invariably in a contracted condition and contain only minute 
amounts of dull, finely granular bile pigment. The bile-ducts of the 
portal sheaths show no damage to their epithelium beyond an occa- 
sional instance of fatty change. In a larger proportion of our human 
cases, slight to well marked lymphocytic infiltration was observed in 
the portal sheath in close relation to these biliary channels. Some- 
times degenerated forms of endotheUal ceUs were present instead of 
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from bile pigment were unsatisfactory and, in our opinion, of no 
value. Sometimes thin worm-like threads of inspissated bile could 
be seen within the canaliculi. The large, homogeneous globules of 
bright yellow bile which are often quite prominent in the livers of 
acute yellow atrophy cases, are not found in yellow fever. 

Minute quantities of iron, located chiefly in the Kupffer cells, but 
present also within the liver cells and in the interstices of the portal 
stroma, could be demonstrated occasionally by means of Perle’s 
stain. This pigment is to be interpreted as altered hemoglobin, and 
its presence is probably not related to the attack of yellow fever. 

Of considerable importance is the apparent loss of glycogen from 
the liver as demonstrated by Best’s carmine stain. Owing to the 
difiiculty of obtaining fresh human tissues properly fixed in alcohol, 
it was possible to carry out the test satisfactorily on M. rliesics mate- 
rial only. Glycogen is found to disappear from the liver cells soon 
after the onset of the severe symptoms and when the liver is showing 
its early specific hyaline necrosis. Soon the hver is aU but entirely 
depleted of its glycogen deposit. In general, the diminution of glyco- 
gen storage is proportionate to the intensity of the liver injury. 

In a former communication (Klotz and Simpson) damage to the 
Kupffer cells of the liver in yellow fever has been dealt with at 
length. It will suffice, therefore, to review the important changes 
briefly. Hyperplasia of the stellate cells is found in the late stages of 
the less fulminant cases and appears to be associated with clinical 
jaundice. These cells are increased not only in number, but in size 
as well. In cases where parenchymal damage is more severe, the 
Kupffer cells are often swollen and granular; their nuclei may be pyk- 
notic or otherwise degenerate. The cytoplasm frequently shows bile 
and iron-containing blood pigment, as well as fine hyaline droplets 
and, sometimes, granular fat. Occasionally these cells also show the 
presence of black iron-free pigment of malarial origin. The cells are 
commonly seen to lie loosely in the blood sinusoids, while the endo- 
thelial cells lining the sinusoids are fat and small and lie closely 
attached to the liver cords. In many sections the nuclei of the 
Kupffer cells are unusually prominent and much better preserved 
than those of the parenchymal elements. 

In cases of severe necrosis the sinusoids may be disrupted in some 
part of their course, but usually they may be traced winding tortu- 
ously between jumbled cords. They are often compressed by swollen, 
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Special attention is directed to the non-inflammatory character of 
the entire liver lesion, and to the lack of autolysis in association with 
the necrosis. We believe that these features favor an early, com- 
plete, and scarless regeneration of the liver tissue in cases which sur- 
vive the disease, and we propose to consider this aspect more fuUy.in 
another article dealing with regeneration. 

The identification of nuclear inclusion bodies in relation to yellow 
fever brings to light an unique cellular change, which so far as we 
know, is peculiar to virus diseases. In this respect the findings 
brought forward by Torres, and later by Cowdry and Kitchen, con- 
stitute an important contribution to our knowledge of the nature of 
the disease. It must be remembered, however, that nuclear inclu- 
sion bodies are found only in a small minority of human yellow fever 
cases, and that they cannot, therefore, be considered of diagnostic 
importance. Moreover, the positive identification of specific nuclear 
inclusions in yellow fever tissues is not an easy matter. Indeed, non- 
specific intranuclear bodies may often sunulate and be confused with 
true inclusions so that it is not desirable in any case to have the diag- 
nosis rest upon this distinction. Some idea of the uncertainty attend- 
ing the identification of these inclusions may be gleaned from the 
fact that in their first publication (1929) Cowdry and Kitchen claim 
twenty-two out of twenty-five cases positive for inclusions, while in 
their later treatise (1930) they are able to list only eight of the same 
series as positive. If the complete microscopic picture be taken into 
account, there wall be found ample evidence, in the human cases at 
least, upon which to make the diagnosis, without reference to nuclear 

changes. 

The presence of intranuclear inclusion bodies is a diagnostic cri- 
terion of greater importance in M. rhesus. The Councilman lesion 
was present in all of our nineteen cases, but was less prominent than 
in the human; it is not accompanied by the same contrast in staining 
(acidophilic) properties, and seldom gives rise to discrete hyaline 
bodies. On this account it is sometimes difficult to recogmze, but 
when found it may be taken as pathognomonic of yeUow fever. It is 
noteworthy that cytoplasmic changes in the M. rhesus are less char- 
acteristic than in man, wMle the reverse is true of nuclear changes. 

Because of failure to distinguish between Weil’s disease and yeUow 
fever the literature has become burdened with a confusion of con- 
tradictory observations from wHch it is impossible to draw an .ac- 
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lymphocytes, and occasionally both shared in the reaction. The high 
incidence of this lesion is striking, but its significance is obscure. We 
have observed the same lesion less frequently in the other forms of 
liver necroses. In the West African adult, irrespective of yellow 
fever, it is rare to find a liver that is normal in the portal zones. 

Discussion 

The liver lesion in the yellow fever of Africa and of America is the 
same and consists of a non-inflammatory degenerative process in- 
volving the parench3Tnal cells alone. The Councilman lesion, in our 
experience, is the most characteristic feature of the histological pic- 
ture, and forms the best basis for a pathological diagnosis of yellow 
fever in the human subject. It is constantly observed and cannot be 
confused with other types of liver necrosis described by Mallory, 
Opie, McCrae and Klotz, and others. 

In the early stages of necrosis the hyaline bodies of the yellow fever 
liver resemble the cytoplasmic inclusions of other virus diseases. In 
the color plate there are represented intracellular hyaline globular 
masses which look not unlike Negri bodies, except for the absence of 
basophilic granules. Not only in consistency, staining qualities and 
morphology does the similarity suggest itself, but the distribution in 
cells and the absence of inflammatory change in relation to them are 
characteristic of the intracellular changes in virus diseases. It is not 
our intention to suggest that Councilman bodies are inclusions in the 
same sense as those of Guarnieri, Bollinger, and Negri, but a certain 
analogy does exist. Later stages of the necrosis show a massive in- 
volvement of liver cells in which discrete hyaline bodies are no 
longer apparent and the analogy to the inclusion formation dis- 
appears. 

The peculiar distribution of the Councilman lesion cannot be ex- 
plained. Zonal necrosis cannot, as Chiari suggests, be accounted for 
by the peculiar vascular supply of the liver, for Whipple and Sperry 
(1909) showed that hgation of the hepatic artery and synchronous 
estabhshment of an Eck’s fistula did not alter the characteristic 
zonal distribution of chloroform necrosis. In the yeUow fever liver it 
is evident that we are dealing with the efi^ect of a blood-borne toxic 
agent, but like the character of the agent itself, the peculiar selective 
localization of the necrosis is at present beyond accurate explanation. 
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tion played the most conspicuous role. As regards interstitial hem- 
orrhage, there are many contradictory statements. This may have 
arisen from the fact that cases of Weil’s disease showing hemorrhage 
in the liver have found their way into the yellow fever literature. 
Our findings agree with Sodre and Couto, Rocha Lima, Chiari, and 
Hudson, who emphasize the absence of hemorrhage. 

The French Commission under Marchoux (1903-1906) believed 
that the blood capillaries in the liver parenchyma were entirely col- 
lapsed by the swelling of the liver cells; they thought this brought 
about an obstruction in the portal circulation which could be held 
responsible for gastro-intestinal hemorrhages, epigastric pain, and 
even the anuria of yellow fever. Their idea is merely of historical in- 
terest for there is no real collapse of the sinusoids. Rocha Lima 
believed that the congestion sometimes observed in regions of con- 
centrated necrosis results from a paralysis of the capillary walls in 
that location. 

Difference of opinion exists upon the subject of wandering cell in- 
filtration of the liver parenchyma in yellow fever. Here, again, 
Weil’s disease probably accounts for some of the confusion. We 
agree with Elliott (1920) that exudative reactions are practically ab- 
sent in all uncomplicated cases. 

In June, 1928, Torres drew special attention to nuclear inclusion 
bodies in the livers of M. rhesus experimentally infected with yellow 
fever, and was the first to suggest a specific interpretation for them, 
though one of us (Klotz) had previously commented upon the same 
nuclear bodies in a personal communication to Dr. F. F. Russell 
(October, 1927), comparing them to herpes inclusions as described 
by Goodpasture. Torres has published several well illustrated ar- 
ticles setting forth the character of yellow fever inclusions as found 
in M. rhesus. He has described also (1929) the finding of inclusions 
in one of eight human cases, a result comparable to that of Hoffmann 
(1929), who demonstrated the change in one of four human cases. 

Cowdry and Kitchen (1929 and 1930), have established the occa- 
sional presence of nuclear inclusion bodies in the liver of the human 
yellow fever subject. Their more recent work, which is exhaustive 
and elaborately illustrated, sets forth the nature and morphology of 
the nuclear inclusions as seen in this disease. 

Quite recently Kuczynski and Hohenadel have published some ex- 
perimental work claiming to have identified a bacillus as the causa- 
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curate idea as to the histopathology of either disease. Many note- 
worthy investigators (Noguchi, Miiller) have described what they 
thought were yellow fever lesions, when in reality the disease they 
were dealing with was infectious jaundice, or an allied process. 

It is regrettable that the contributions of Councilman (1890) did 
not receive a wider circulation in the literature. To him we owe not 
only the first, but the best and most lucid description of the peculiar 
liver necrosis which is now associated with his name. He did not, 
however, recognize the lesion as specific for yellow fever. Since 
Councilman’s description other authors, including Rocha Lima 
(1912), Turnbull (1913), Chiari (1925), Torres (1926), Hudson 
(1928), Couto and Rocha Lima (1929), and Hoffmann (1929) have 
commented upon the hyaline cytoplasmic change, but with the ex- 
ception of Penna and Figueiredo (1929) no one has sufficiently 
stressed the differential importance of it. 

The distribution of the necrosis rather than its minute character 
has been the more vital issue among investigators, and many excel- 
lent illustrations of zonal destruction appear in the literature. 
Councilman in 1890 noted that the periphery of the lobule was less 
affected than other parts; Carroll in 1905 made a similar observa- 
tion, but Otto and Neumann in the same year asserted that islets of 
cells next to the central veins were the last to be destroyed. Boyce 
(1911) thought that necrosis was most marked in the central zone. 
In 1912 Rocha Lima described the midzonal necrosis as characteris- 
tic of the yellow fever liver, and this idea has been for many years the 
chief criterion for an anatomical diagnosis of the disease. As we have 
shown, it is quite fallacious to permit the diagnosis to rest upon this 
finding, for not only is nudzonal necrosis found in other conditions, 
but it is frequently not to be distinguished in yellow fever. Nowa- 
days, largely owing to the publications of Chiari fi925), Torres 
(1926), Couto and Rocha Lima (1929), and Hoffmann (1929), both 
the midzonal and the sporadic selectivity are recognized, but the es- 
sential characters of the hyaline necrosis are not sufficiently ac- 
centuated. 

The earlier authors emphasized fatty changes above all other fea- 
tures of the yellow fever liver. Thus, Marchoux and Simond (1906) 
agreed with Sodre and Couto (1901) that yellow fever was virtually 
a “generalized steatosis.” Wasdin (1898), Otto and Neiimann, Car- 
roll, Boyce, and Turnbull were all of the opinion that fatty degenera- 
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tive agent of yellow fever, but the experimental lesions which they 
describe are not characteristic of this disease. 

Summary 

The gross appearance of the liver in yellow fever is characterized 
by the absence of distinctive changes such as are seen under the 
microscope. 

Microscopically the liver tissue presents a non-inflammatory ne- 
crosis and necrobiosis of the parenchyma, unaccompanied by col- 
lapse of the tissue or interstitial hemorrhage. The outstanding 
change is a coagulative hyaline necrosis (the Councilman lesion), 
which does not attack the hepatic cells in an orderly fashion but 
occurs as a diffusely sprinkled lesion often most marked in the mid- 
zone (the Rocha Lima distribution). This specific necrosis is always 
preceded or accompanied by fatty degeneration and cloudy swelling. 
In the earliest stages it is characterized by the formation of dense aci- 
dophilic masses within the neutrophilic cytoplasm of the liver cells. 
Later, discrete, highly retractile, hyaline, globular bodies appear, 
often possessing a flattened pyknotic nucleus at the periphery of the 
mass. These bodies are usually honeycombed with fat vacuoles 
which they have incorporated. The process goes on to massive in- 
volvement of parenchymal tissue and ends in cellular disintegration, 
but no appreciable autolysis of the affected cell structures is seen in 
the acute stages. 

The Kupffer cells suffer some damage, but not necrosis. 

The vascular system, biliary channels, and stroma are uninvolved 
in the disease. 

Specific nuclear inclusions were found in the fivers of seventeen of 
nineteen M. rhesus, and twenty-three of ninety-three human cases of 
yellow fever. Their identification was attended with difficulties, but 
when their presence could be established the diagnosis was thereby 
facilitated. 

The glycogen store of the fiver is depleted in proportion to the 
severity of the lesion. 

The fiver lesions of yellow fever possess several features in com- 
mon with the lesions of other virus diseases. 



DESCRIPTION OF PLATE 


Plate 126 

. I. Section of human liver (magnification about 1500). Showing (a) Coun- 
cilman hyaline lesion, (i) granular degeneration (doudy swelling), (c) 
globular and granular fatty vacuolization of cytoplasm, (d) pigmentation, 
(e) swelling of Kupffer cells, and (/) non-specific nudear degeneration. 
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and the kidney in each case presented a severe tubular degeneration. 
The monkeys that recovered and those that died manifested s imil ar 
clinical S 3 nnptoms, except that in the latter the rise in temperature 
was of a higher and more constant character and the symptoms in 
general were of greater severity. 

Assuming, then, that the six monkeys that recovered had sus- 
tained liver and kidney injuries comparable to those found in the 
fatal cases, the organs were examined with the express purpose of 
determining the final result of these injuries. 

The autopsies revealed no unusual gross findings. Without excep- 
tion, the livers and kidneys presented a healthy appearance, and 
showed no signs of antecedent injury. Microscopically there was an 
absence in all the preparations of the distinctive lesions associated 
with the acute phase of the disease, and scarring was not observed. 

None of the livers showed increase in fibrous tissue or prolifera- 
tion of biliary channels, such as is conunonly seen following other 
types of liver injury. The lobules were of the usual size and struc- 
ture, and the vascular channels were practically free from blood. 

The liver cells possessed a more or less normal appearance. The 
nuclei were uniform, of the usual size, and well filled with chromatin, 
and they stained in a normal fashion. There was no indication of 
mitosis in any part. 

In five of the six cases there was some degree of zonal differentia- 
tion. Thus, in three cases the cells of the portal zones were slightly 
swollen and more eosinophilic than those of other parts; the cyto- 
plasm was finely granular and the adjacent sinusoids compressed. 

In the other two livers this same change was observed in the central 
vein areas, and the portal zones were occupied by a well marked 
fatty infiltration. It is possible that these zonal alterations may rep- 
resent some functional readjustment to an antecedent zonal necro- 
sis. On the other hand they may be related to an entirely irrelevant 
condition, such as, for instance, helminthiasis, which was present in 
practically all of the animals. 

The liver of jW. rhesus 6 was (juite different in many respects 
from the livers of the other five monkeys of the series. There was no 
zonal differentiation. AU parts of the sections showed a uniform 
rarefaction of the parenchymal cytoplasm and a marked edema of 
the ceUs The sinusoids were compressed and the trabecular arrange- 
ment could not be made out. The swoUen, hydropic ceUs were unusu- 
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The present report is concerned with the study of liver and kidney 
tissues taken from six rhesus monkeys which had been experiment- 
ally infected with yellow fever at the laboratories of the West 
African Yellow Fever Commission of the Rockefeller Foundation at 
Yaba, Nigeria, in 1928. Each animal suffered a short but typical 
attack of the disease, manifesting symptoms of prostration, anorexia, 
fever, albuminuria and slight jaundice. Each recovered its usual 
health shortly after the cessation of fever, and in each case an active 
immunity was proved before the monkey was finally killed. The 
accompanying table indicates the individual histories, briefly. 


Case Histories of Rhesus Monkeys Experimentally Infected with Yellow Fever 


Monkey 

Strain of 
virus 

Incubation 

period 

Fever 

Post febrile 
period 

Killed by 


Asibi 

days 

2 

days 

4 

days 

16 

Blow on head 


A. S. 

3 

2 

72 

Ether 

3 

Asibi 

sK 

2 

SI 

Blow on head 

4 

P. 

5 

3+ 

66 

Blow on head 

5 

A. S. 

7 

2 

54 

Blow on head 

6 

I. 

5 

3 

55 

Blow on head 


There is every reason to believe that these animals suffered appre- 
ciable damage to the liver and kidney during their attacks of yeUow 
fever. Eighteen other monkeys, infected at approximately the same 
time, with the same viruses, and under the same conditions, died of 
the disease in periods ranging from two to eight days after the onset 
of fever. They showed, without exception, marked necrosis of the 
liver, sometimes amounting to total destruction of the parenchyma; 

* The studies and observations on which this paper is based were conducted with the 
support and under the auspices of the International Health Division of the Rockefeller 
Foundation. 
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there were no collections of cellular debris in the tubules. Moreover, 
the nuclei were healthy in appearance and indicated that the appar- 
ent cloudy change present in the cytoplasm was not associated with 
a lowered vitality of the cells. On the other hand, there was no 
defimte evidence of an increased vitality or vegetative activity such 
as one might interpret as a sign of recent regeneration. , The nuclei in 
cross-sections of the tubules were not increased,* nor were there any 
of the epithelial giant cell formations which Oertel interprets as evi- 
dence of repair. 


Discussion 

It has been emphasized elsewhere (De Lamar Lectures 1927-1928), 
that cirrhosis of the liver does not follow yellow fever in man, and 
that a contracted kidney is likewise not a sequel of the disease. To 
this statement may now be added the weight of experimental evi- 
dence which shows that in the stage of repair, restitution of the 
affected organs is accomplished by complete regeneration of the 
functional tissues. The animals under discussion presented a prac- 
tically normal histological picture of the organs except for certain 
irrelevant lesions. In liver and kidney alike, the restoration of the 
'status ante giio was such that no sign remained to indicate the extent 
of regeneration or the manner in which it was accomplished. 

The typical condition of the kidney in the acute stages of yellow 
fever corresponds in the main to a well known type of nephropathy, 
namely, the nephrosis of Volhard and Fahr, the “nephropathia de- 
generativa” of Aschoff, or more particularly the “bichloride kidney ” 
of Elwyn. A distinction has long been made between this purely 
degenerative type and the inflammatory lesions of the kidney. 
Nephrosis is a condition met with commonly enough in acute toxe- 
mias, and it is generally recognized as a lesion which clears up com- 
pletely when the toxemia passes off. The yellow fever kidney affords 
a very good example of a pure nephrosis, and subsequent complete 
regeneration is, therefore, not to be viewed as unusual or materially 
different from the sequence of events following nephrosis in other 
diseases. 

The acute Hver injury, on the other hand, while having several 
features in common with that of the kidney in yellow fever, is of a 

* According to Ribbert the average normal number of nuclei is seven. 
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ally dear in outline, and their dosely packed arrangement lent a 
mosaic appearance to the sections. 

Some nnnor changes of an indefinite character were found in the 
livers of ail the monkeys of the series. The Kupffer cells were 
slightly more prominent than usual, both by virtue of their numbers, 
and because of the deep staining qualities of their nuclei. In several 
instances there appeared to be some distortion and irregular enlarge- 
ment of the liver cords in the midzonal regions of the lobules. Some- 
times there were four or five cells abreast in a single cord, suggesting 
an alteration in the original orderly arrangement of the tissue. The 
distortion was, however, unaccompanied by signs of karyokinetic 
activity or alterations in staining qualities, and it cannot be regarded 
as definite evidence of regeneration. The same appearance of dis- 
tortion may be produced in normal liver tissue, if the microtome 
knife sections the lobule at an unfavorable angle. There was also in 
most instances slight l)miphocytic infiltration of the portal sheath, 
a relatively insignificant lesion which occurs very commonly in 
monkeys that have not had yellow fever. Thus there is no obvious 
assodation between the present findings and the initial injury. 

The kidneys of aU the monkeys in the series presented a more or 
less uniform appearance, which did not deviate appredably from the 
normal histological picture. The acute renal lesions assodated with 
the fastigium of the attack and recently fuUy described by Magal- 
haes, were absent. No casts were seen, no scarring nor increase in 
fibrous tissue and, with two exceptions, no evidence of inflammation. 
M. Rhesus 5 and M. rhesus 6 each presented an acute non-suppura- 
tive nephritis of a focal character, confined to the interstitial tissue. 
The process in both instances was of very recent origin, and appar- 
ently quite unrelated to the attack of yellow fever. 

The glomeruli were not congested and the capillary tufts showed 
no cellular increase. The straight tubules possessed empty lumina 
and their epithelimn was not altered. 

The convoluted tubules were examined carefully, because these 
structures are most seriously affected in yellow fever. They con- 
trasted in a normal fashion with the rest of the tissue, possessing the 
usual deep eosinophilic staining reaction. The cytoplasm was of the 
usual density, but finely gramflar. The cells were somewhat swollen 
and the margins of the lumina were often slightly frayed. There was 
no vacuolation nor desquamation of the epithelimn, however, and 
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is probably in consequence of these facts that rapid autolysis of the 
destroyed cells does not occur; no dissolution of tissue is to be found 
during the acute and fatal stages of the disease. The injury is thus 
qualitatively and quantitatively limited, and as a result only the 
parenchymal cells sufier from the destructive process. Not oiily is 
the stroma of the portal sheaths unaffected, but the slender intra- 
lobular connective tissue framework, which supports the trabecu- 
lae, remains intact and can be so demonstrated by Van Gieson stain- 
ing technique even when necrosis of liver cells is most intense. The 
absence of scarring in the yellow fever liver is to be attributed, there- 
fore, to an absence of injury or irritation upon the stroma, which in 
turn must be related in part to the non-inflammatory, non-autolytic 
character of the degenerative process, and in part to the mainte- 
nance of a normal blood supply. 

The yellow fever liver then, provides a striking illustration of the 
point which Mallory emphasized (1911), that destruction of the par- 
enchymal cells alone does not, of itself, stimulate connective tissue 
proliferation. Whipple and Sperry (1909), and Schultz, Hall and 
Baker (1923) have made the same observation in connection with 
chloroform poisoning. Before the process of fibrosis is set in motion, 
the injury must involve tissue elements other than parenchymal 
cells, and this is true of the kidney as well as of the liver. This view 
is somewhat at variance with that of Elretz (1905), MacCallum 
(1904),. and Milne (1909), all of whom consider that cirrhosis arises 
in consequence of a primary destruction of liver cells. 

We have indicated the conditions associated with the absence of 
fibrosis in the yellow fever liver. For a discussion of the factors 
which incite fibrosis in other diseases, the reader is referred to Mal- 
lory (1911), Pearce (1904, 1906), Muir (1908), Milne (1909), Opie 
(1910), RoUeston (1912), Herxheimer and Gerlach (1921), Schultz, 
Hall and Baker (1923), HaU and Ophuls (1925), Roman (1927), Mac- 
Mahon and MaUory (1929), and MacMahon, Lawrence and Mad- 

dock (1929). 

Our investigations of a large series of fatal cases of yellow fever in 
man and monkey show that active regeneration of fiver and kidney 
tissues is practically at a standstill during the toxic phase of the dis- 
ease The series of animals that recovered, which we report here, 
shows however, that regeneration is complete within sixteen to 
seventy-two days after the cessation of fever. Therefore, the rep- 
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distinctive character, as we have been at some pains to show in a pre- 
vious communication; and in consideration of the severe and exten- 
sive necrosis it is noteworthy that complete and scarless restitution 
of the liver takes place in cases of recovery. Clinical experience with 
yellow fever shows that it differs from similar pathological processes 
of equal intensity in the matter of freedom from sequelae in the liver. 
Various kinds of hepatorenal poisonings, as for instance, arsenic, 
phosphorus and carbon tetrachloride poisonings, and some toxe- 
mias of pregnancy, have a tendency to produce permanent liver 
damage, which not infrequently progresses into the fatal stages of 
acute yellow atrophy (Roman, 1927). Similarly, infective processes 
such as catarrhal jaundice and some obscure forms of hepatitis lead 
to marked scarring of the liver. In yellow fever, on the contrary, 
both clinical and experimental evidences tend to show that normal 
hepatic function is quickly restored in individuals that recover, and 
that these individuals never suffer cirrhosis of the liver or acute yel- 
low atrophy as a consequence of their attack. 

What are the factors which favor this peculiar power of regenera- 
tion? Undoubtedly the self-limiting character of the infection is of 
importance. Not only is the toxemia of relatively short duration, 
but there is no recurrence after the initial attack, no repetition of 
injury such as is commonly held to account for the sclerosing dis- 
eases. Yet in yellow fever the single injury is probably often of 
greater magnitude than the sum total of repeated injuries which in 
other diseases produce sclerosis. Thus the fact of a short period of 
injury is not a sufficient explanation. We must look to some peculiar 
features of the pathological process in yellow fever for an interpreta- 
tion of the end results. 

Inquiry into the absence of fibrous response in the yellow fever 
liver leads to a consideration of the character of the initial lesion. As 
we have pointed out elsewhere, yellow fever per se does not induce 
an inflammatory response. There is no exudative response to the in- 
jury and no appreciable migration of leucocytes to the damaged tis- 
sues. The Councilman necrosis of the fiver, peculiar to this disease, 
is coagulative rather than autolytic, and since leucocytes are not 
attracted to the foci of necrosis, there is, presumably, no pouring out 
of proteolytic substances. The vascular channels, both extra- and 
intralobular, remain free from thrombi so that the circulation is not 
interrupted, and no digestion of tissue arises through infarction. It 
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in partial extirpation experiments, as might be expected, are not 
to be found in the yellow fever kidney. 

Summary 

Six rhesus monkeys which had recovered from experimental yellow 
fever showed complete and scarless regeneration of the liver and kid- 
ney. This bears out clinical evidence that neither cirrhosis of the 
liver, nor contracted kidney follows yeUow fever in man. 

Special attention is directed to the sequence of events taking place 
in the liver. Except in cases of chloroform poisoning, liver damage 
of equal magnitude rarely occurs without producing some scar for- 
mation. The yeUow fever liver proves that destruction of paren- 
chymal cells alone is not a sufficient stimulus to induce replacement 
fibrosis. 

The absence of fibrosis in the liver and kidney is due to a peculiar 
immunity which the stroma structures manifest toward the yellow 
fever injury; there is no stimulation of connective tissue elements 
during the acute stage of the disease. The reasons for this are, we 
believe, related to the non-inflammatory, non-autolytic character 
of the acute pathological process, and to the absence of thrombosis 

in the small parenchymal vessels. 

Regeneration originates in islands of parenchymal cells which 
have survived the attack, and quickly restores the tissues to their 
original state. 
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arative process must go on to completion witMn the ordinary 
period of convalescence. 

In the case of the liver, it is not difficult to imagine how breaches of 
continuity in the parenchymal cords are bridged over by prolifera- 
tion of liver cells which have survived the toxemia. The slender 
cylindrical stroma encasements of the trabeculae are preserved and 
the growing cells spread by direct extension inside of these limiting 
membranes to replace the cells which have been destroyed and ab- 
sorbed. Thus, the original pattern of the tissue is restored. All in- 
vestigators of repair in the liver agree that the chief role in the re- 
generation of the parench3ana is played by old, undamaged liver 
cells. MacCallmn (1902) observed that “where well-differentiated 
liver cells still persist the new liver tissue is very simply produced by 
their mere multiplication by division, and the less highly differen- 
tiated gall-ducts take no part in the process, but remain quiescent in 
their subordinate position as conductors of the secretion of the liver 
cells.” The much debated question as to whether liver cords may 
take their ori^n from biliary epithelium does not arise in connection 
with the present study, for, as we have seen, there is no proliferation 
of the bile ducts in the tissues under discussion. It is only when the 
supporting stroma has been damaged and stimulated to prolifera- 
tion, as in the case of acute yellow atrophy and in the cirrhoses, that 
attempts at regeneration take the pecuHar distorted form of pseudo- 
bile ducts or pseudotubules and nodular hyperplasia. This type of 
regeneration, fully reviewed by Hess (1913), Blum (1923), Roman 
(1927), and Fishback (1929), does not concern us in connection with 
yellow fever. 

In the kidney, regeneration of the convoluted epithelimn is no 
doubt accomplished largely by proliferation of ceUs which survive 
the attack. Islands of living cells always remain from which a new 
lining may originate. In certain cases of extensive necrosis, it is 
probable also that the cells of the straight tubules may grow in to 
replace the destroyed secretory epithelium, assuming its morphol- 
ogy and its specialized function. As in the case of the liver, the in- 
tact basement membranes which remain unaltered in the disease 
orientate the new cells into the old pattern, as proliferation and ex- 
tension take place. The functionless regeneration phenomena de- 
scribed by Oertel (1909) in chronic nephritis, and by Podwyssozki 
(1887), Ribbert andPeipers (1895), Thorel (1907), and Pearce (1909) 
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acetic acid. The resulting precipitate was then washed and inocu- 
lated. Such inoculations always produced typical lesions, while por- 
tions of the tissue treated with potassium hydroxide, washed, and 
inoculated without acetic acid treatment, gave uniformly negative 
results. 


Since the method of extracting tissue with potassium hydroxide 
and then precipitating with acetic acid is one employed in preparing 
nucleoproteids, Sanfelice assumed that he had isolated a nucleo- 
proteid agent responsible for the disease. This agent, according to 
his hypothesis, is a toxic material which has the properties of an 
acid, being inactive or neutralized when combined with potassiiun 
hydroxide, but readily liberated upon the addition of an excess of 
acid. Such a non-living, toxic nudeoproteid, he proposed, is elabo- 
rated by the affected cells, and, upon transmission to other cells, 
causes these in turn to elaborate more of the same agent. 

Sanfelice’s argument that no living agent could be responsible 
for “takes” at twenty-four hours is based upon earlier work, 
which, he says, was corroborated by Burnet.* In 1897, at a time 
when he held that the agent of pigeon-pox was a blastomyces,® 
Sanfelice tested the toxic effects of several chemicals and dis- 
infectants upon the virus. Among these were potassium hy- 
droxide, acetic acid, and phenol. He found that the virus was 
killed after five minutes in 0.5 and i per cent potassium hydrox- 
ide, I per cent acetic acid, and 0.5 and i per cent phenol. In these 
experiments, however, Sanfelice employed a very difficult technique. 
Silk threads, immersed in pigeon-pox material, were dried at 37 C, 
then immersed in i per cent potassium hydroxide for five minutes, 
washed in sterile water, and finally scraped to obtain material for 
inoculation. This procedure would, we believe, be difficult to per- 
form without many chances for the complete loss of the virus; and 
the results should not be used as a basis for comparison with other 
experiments in which larger amounts of infected tissue were 


Sanfelice has by no means gained universal acceptance of his hy- 
pothesis Friedberger in 1918 found no evidence that virus “in- 
activated” by potassium hydroxide could be reactivated by acetic 
acid. He reported that pigeon-pox virus in dilute suspension was 


^Bumet^merelyreferstoapaper by ReischauerBin which Sanfelice-soriginal work 


is quoted. 



THE NATURE OF FOWL-POX VIRUS AS INDICATED BY ITS 
REACTION TO TREATMENT WITH POTASSIUM 
HYDROXIDE AND OTHER CHEMICALS* 


Ernest W. Goodpasture, M.D., and Aeice Mixes Woodrdee, Ph.D. 

{From the Department of Pathology, Vanderbilt University School of Medicine, 

Nashville, Tenn.) 

Recent experiments,^’^ have given additional morphological evi- 
dence that the inclusion bodies found in the infected epithelial cells 
of a fowl-pox lesion represent colonies of a minute microorganism 
(Borrel bodies®) embedded in a ground substance of lipoproteid 
composition. Following this work, the highly infectious nature of 
isolated inclusion bodies was demonstrated by Woodruff and Good- 
pasture.^ In further experiments,® it has been shown that a fraction 
of an inclusion will produce a t3T)ical fowl-pox lesion upon inocula- 
tion. This demonstration of the high degree of infectiousness of the 
inclusion bodies, and the definite morphology of their Borrel body 
components aroused our interest in the work of previous investiga- 
tors which led them to believe that the virus of fowl-pox or pigeon- 
pox is a non-living agent. In particular, the experiments of San- 
felice attracted our attention since they are so frequently quoted 
in the literature as indicating the non-viability of at least one of 
the viruses. For this reason Sanfelice’s work was repeated with care 
and will be described in some detail, 

Sanfelice used pigeon-pox for his experiments. The virus of 
pigeon-pox is infectious for the chicken and induces a lesion identical 
with that of the strain of virus indigenous to fowls. Sanfelice,® by 
treating the virus of pigeon-pox with i per cent potassium hydrox- 
ide, claims to have extracted a nudeoproteid toxin which would pro- 
duce typical lesions. His technique was to grind thoroughly a piece 
of the fresh tissue from a pigeon-pox lesion and to add i per cent 
potassium hydroxide amounting to two or three times the weight of 
the tissue. After standing four to twenty-four hours and longer vith 
the potassium hydroxide, the material was filtered through a piece 
of hnen and the filtrate treated with twice its volume of i per cent 

* Received for publication July 26, 1930. 
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wasMng, as well as by precipitation with acid, produced typical 
lesions upon inoculation. 

Following these experiments in which the effect of potassium hy- 
droxide was determined on comparatively large particles of tissue, 
an attempt was made to obtain suspensions which might contain 
only that most minute element of the fowl-pox lesion, the Borrel 
body. A series of experiments was started using the dried scabs 
from fowl-pox lesions. These were carefully ground in distilled 
water and then the larger particles were thrown down by centrifug- 


Table I 


EJfcct of I per cent Potassium Hydroxide on Finely Divided Suspensions of Virus 


Virus Suspensions 

Time at which Virus was Tested 

Infectious at 
dilution of 

Dilution_ 
employed in 
KOH experi- 
ments 

2 min. 

i to 4 hrs. 

9 hrs. 

16 hrs. 

ig to 34 hrs. 

1:1000 

1:2 
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— 

1:1000 

1:2 

. • 
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1:2 

4 '+ 4 ‘ 
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1:2 





— 

1:100 

1:2 
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1:2000 
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+++ 



. • 

1:2000 

1:2 

. . 

+++ 



. • 

1:2000 * 

1:2 

+++ 




• . 

1:2000 * 

1:2 

. . 

+++ 



. . 

1:2000 ** 

1:2 

. , 

+++ 



— 

1:2000 ** 

1:2 


+++ 



. . 

1:2000 ** 

1:2 

-f-++ 

• • 

+++ 

++ 

+ 


• = filtered 

•* = filtered OVhatman 42) 
4-++ = massive lesion 


-(-f- = several nodules 

+ = one or two nodules 

— = negative 


ing fifteen to twenty minutes at low speed. The fine supernatant 
suspension was decanted, and in some instances filtered through 
filter paper. In one or two experiments, especially fine filter paper 
(Whatman 42) was used. While we cannot say definitely that the 
resulting filtrate was a Borrel body suspension, yet we are certain 
that the precaution taken excluded any large inclusions, and that, 
in addition to Borrel bodies, only very small or fractional inclusions 
were present. In order to test the virulence of tHs filtrate, part of it 
was used for inoculation at various dilutions. The rest was mixed 
mth equal quantities of 2 per cent potassium hydromde to give a 















NATURE OF FOWL-POX VIRUS 


701 


killed, as was B. prodigiosus, after five minutes treatment with i per 
cent potassium hydroxide. He then employed Sanfelice’s technique- 
and obtained typical lesions after treatment of virus fourteen hours 
in I per cent potassium hydroxide, not only with inoculations of 
the “nucleoproteid” precipitate, but with control inoculations of 
filtrate treated with potassium hydroxide alone. Friedberger stated 
that Sanfelice’s linen filter let through large particles of tissue which 
no doubt resisted the action of i per cent potassiiun hydroxide longer 
than the dilute suspension that he himself used in comparing its 
viabihty with that of B. prodigiosus. Sanfelice still upheld his nu- 
cleoproteid hypothesis, however, and in 1927 produced another 
paper in which the refutation of Friedberger was attempted. 

In our own experiments to test the effect of i per cent potassiiun 
hydroxide on the virus, dried rather than fresh scabs from the lesion 
of fowl-fox were used, and a filter of absorbent cotton rather than 
hnen. Otherwise Sanfelice’s technique was followed exactly. The 
dried scabs were ground in a mortar -with distilled water or saline, 
and the resulting suspensions were found to contain virus in such 
concentration that, when inoculated on a chick, positive results were 
obtained in dilutions as great as i : loco. The suspensions were then 
mixed with equal quantities of 2 per cent potassium hydroxide, and 
these suspensions of fowl-pox material in i per cent potassium hy- 
droxide were allowed to stand at room temperature for periods of 
four and ten hours. After such treatment, part of the material was 
filtered through absorbent cotton, and precipitated with twice its 
volume of i per cent acetic acid. The precipitate was then washed 
and inoculated. Inoculations after four hours produced only small 
lesions while those after ten hours were negative. At the same time, 
some of the sediment from the potassium hydroxide suspension, 
thrown down by centrifuging and then carefully washed, was found 
upon inoculation to produce massive lesions after both four and ten 
hours. These experiments seemed to point directly to the size of the 
particles as being an important factor in the protection of virus from 
the action of the potassiiun hydroxide, since in the centrifuged sedi- 
ment the particles were obviously larger than those in the filtrate. 
We noted also in an experiment with unfiltered material, that inclu- 
sion bodies were present in the tissue. After treatment of this mate- 
rial with I per cent potassium hydroxide for twelve and twenty-four 
hoins, sediment freed from the potassium hydroxide by merely 
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placed in. sterile test tubes and centrifuged. The inclusion sediment 
was washed with sterile saline, and inoculated either into feather 
follicles or on defeathered, scarified areas. 

Table II shows that inclusions will resist the action of i per cent 
potassium hydroxide for from one to five days, the size of the lesion 
produced diminishing wth length of treatment. The massive lesion 
produced by bodies treated twenty-four hours is shown in Fig. 3. 
Fig. 5 shows the smaller lesions produced by bodies treated seventy- 
two hours. It was found that different specimens varied in their 
ability to resist the action of i per cent potassium hydroxide. Id- 

Table II 


Virucidal EJfccl of i per cent Potassium Hydroxide on Inclusion Bodies 


Time in KOH 


2 days 

3 days 

4 days 

S days 

6 days 

No. of inoculations 

23 

11 

13 

8 


a 

No. of positives 

23 

8 

8 

I 


0 

f +++ 

23 


» . 

. • 


. , 

Type of Lesion. .1 ++ 

. . 





. . 

1 + 

• • 



Hi 


• • 


■ [ -f'4- •• massive lesions. ++ several nodules. + = one or two nodules. 


elusions obtained from a fowl-pox lesion more than ten days old 
seemed more fragile and more readily damaged than those from a 
seven- to ten-day lesion. In these experiments it will be noted that 
mere washing after potassium hydroxide treatment was sufficient to 
prepare bodies for inoculation. While neutralization of the potas- 
sium hydroxide with acetic acid was effective, the simple washing of 
the inclusions with saline gave just as large lesions after just as long 
periods of treatment as did the acetic acid method. After treatment 
for a sufficient length of time, varying from two to six days, neither 
washing nor neutralizing with acetic acid was effective in “reacti- 
vating” the virus. 

Since recent work points to the Borrel body as the probable etio- 
logical agent of fowl-pox, it seemed of interest to determine whether 
Borrel bodies could still be identified in inclusions which had been 
proved infectious after a long period in potassium hydroxide. It 
was found that after treatment with potassium hydroxide, the phys- 
ical characteristics of the inclusion bodies were altered. A jeUy- 
like substance developed about each body causing groups of bodies 
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I per cent concentration, and allowed to stand at room temperature. 
With this finely divided material, the only means of freeing the 
virus from potassium hydroxide was to neutrahze with acetic acid 
and wash. This we did, finding that the protein precipitate which 
followed addition of acid carried down with it any active virus, 
while the supernatant fluid was generally innocuous. 

Table I shows that virus inoculated after two minutes treatment 
produced massive lesions. Similar lesions were obtained up to four 
hours, and in one instance at nine hours (see Fig. i). The length of 
resistance probably varied with the fineness of the suspension. Two 
lesions of one or two nodules were obtained in the nineteen to 
twenty-four hour period (see Fig. 2), but the majority of these in- 
oculations were negative. 

The important point in the above experiments is the fact that the 
suspension of virus showed evidence of being progressively de- 
stroyed — the longer the treatment, the smaller the lesion. There 
was no suggestion whatever that virus once inactivated could be 
“reactivated” by means of acetic acid. A few experiments, in which 
fresh tissue from the fowl-pox lesion was used instead of the dried 
tissue, indicated that resistance might be somewhat longer with 
fresh material than with the dried. However, the fresh material too 
showed evidence of being progressively diminished in virulence 
rather than of having any ability to be “reactivated” at full 
strength after long periods of treatment. 

Since the above experiments indicated that the size of the part- 
ides which were treated with potassium hydroxide was an im- 
portant factor in determining the resistance of the virus, it seemed 
logical to make use of the fowl-pox indusion bodies in further work. 
As has been demonstrated,^ these indusions are highly infectious 
and can be obtained free from cellular material by tryptic digestion. 
Accordingly, suspensions of indusion bodies were obtained by tryp- 
tic digestion. The indusions were removed by centrifuging and 
were washed in saline or distilled water. Equal volvunes of inclu- 
sion body suspensions and 2 per cent potassiiun hydroxide were 
mixed in order to obtain suspensions of indusions in i per cent potas- 
sixun hydroxide. These were treated for periods of from one to six 
days, the material being transferred to fresh sterile test tubes every 
twenty-four hours to insure uniform action of the chemical. At the 
end of these treatments, the suspensions were carefully removed, 
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filtration of ground material in i per cent potassium hydroxide is 
slower, due to the viscidness of the suspension, still the possibihty 
of small inclusion bodies passing through the linen filter is obvious, 
and, as we have shown, these may be still viable. 

In a further series of experiments, an attempt was made to extract 
a toxic nucleoproteid from inclusion bodies, such as that described 
by Sanfelice. Since inclusions are so highly infectious, a specific 
toxin in the sense of Sanfelice might be expected to be present in 


Table III 


Toxin Theory Tested with Inclusion Bodies 


Filtrate of supernatant fluid 
infectious at dilution of 

Filtrate of supernatant fluid 
16 to 24 hours in KOH 

Sediment of inclusion bodies 
j 6 to 24 hours in KOH 

A • 

i:S 

— 

+++ 

1:2 

— 

+++ 

1:2 

— 

+ + + 

1:2 

— 

+ + + 

1:2 

— 

+ + + 

^ 1:2 

— 

+ + + 

B I 


— 

+ + + 


— 

+++ 


— 

+++ 


-}-}-+ = massive legion. 
— = negative. 


auantity within them. SaUne suspensions of the digested bodies 
were made as previously described. These were allowed to stand 
about haH an hour in order to obtain in the saline some active virus, 
free from inclusions. The suspension was then centrifuged and the 
ton portion of the supernatant fluid filtered. This filtrate contained 
■ve^ weak virus, active in dUutions not greater than i:e to i:; 
The weak filtrate and the inclusion body suspension were treated 

■p..* - . 
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to stick together. Within this film, the definite outline of the com- 
pact inclusion was apparent. When the usual technique ® of drying 
out of distilled water was applied to these inclusions, they failed to 
break up and liberate their Borrel bodies. Moreover, in stained prep- 
arations, such inclusions appeared to have hard, incrusted surfaces, 
and it seemed that some further means was necessary to break up 
the inclusions after potassium hydroxide treatment. After some ex- 
perimenting, it was found that rupture of the inclusions could be 
brought about mechanically by means of a small glass point. Fig. 8 
shows a smear of Borrel bodies obtained from inclusions which had 
been in i per cent potassium hydroxide for twenty-four hours, then 
washed in distilled water and scratched with a fiine glass point. 
Fig. 9 shows an inclusion stained after such treatment. One side of 
the inclusion has been ruptured, and the contents have poured out in 
fan-shape. Characteristic Borrel bodies are shown at the edge of 
the mass where the bodies are more widely dispersed. In Fig. 10, the 
same inclusion is shown with the broken edge of the surface of the 
inclusion in focus. The granular structure of the extruded contents 
and of the material remaining within the inclusion may be seen. 
The broken edge of this inclusion ^ves one the impression that the 
outer surface is hardened and shell-like. Such an incrustation of the 
inclusions may be responsible for their long survival in potassium 
hydroxide, though no data have been obtained as to which compo- 
nent of the lipoproteid ground substance of the inclusion reacts with 
the potassiiim hydroxide to produce this hardening. 

A possible explanation for the “reactivation” obtained by San- 
feUce after twenty-four hours in potassium hydroxide is that the 
linen filter which was used by him allowed larger particles of the 
diseased tissue to pass than did our absorbent cotton filter, or fine 
filter paper. These larger particles were, we judge, responsible for 
the successful inoculations rather than any nudeoprotein extract. 
This possibility has been suggested also by Friedberger, but he did 
no further work to determine the actual viability and structure of 
such large particles in potassium hydroxide. In the grinding of fresh 
material it was found impossible to break up completely all the 
masses of indusion bodies present in the diseased tissue. Many 
indusions are freed by grindiug but are not further injured by 
ordinary grinding methods. Furthermore, digested indusions pass 
readily through a linen filter such as Sanfelice described. While the 
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were positive and, following the second procedure, negative. Ac- 
cording to his own description, however, his technique was varied 
slightly in the two cases. In the first case the ground material was 
mixed with saline, filtered through ordinary filter paper and the fil- 
trate mixed Avith 2 per cent potassium hydroxide. In the second case 
the ground material was mixed directly with i per cent acetic acid 
and this mixture filtered. The results which we have obtained in 
repeating this experiment indicate that the direct addition of acetic 
acid to the ground material forms a sticky mass which does not filter 
as readily as the sahne suspension. It would seem, therefore, that 
Sanfehce’s reported results are due to the passing of copious virus 
when the saline suspension was filtered, while the major portion of 
the virus was withheld from the filtrate when the sticky acid sus- 
pension was filtered. 

In the course of this work with potassium hydroxide and virus, 
it was noted that inoculations made without first removing the 
potassium hydroxide showed severe scabbing. Tests were made to 
determine the action of i per cent potassium hydroxide alone on 
chicken epithelium. Epithelial tissue, treated with a single applica- 
tion of I per cent potassium hydroxide and excised after twenty- 
four hours, shows, in stained sections, that the epithelial cells have 
been completely destroyed (see Fig. 7). Experimental inoculations 
with active virus in potassium hydroxide have in several instances 
produced no lesions, and, in other instances, it has been noted that 
smaller lesions are produced than with an equivalent amount of 
virus from which the potassium hydroxide has been removed (see 
Figs. 4 and 3). Thus, destruction of epithelial cells may be the cause 
of negative results in experiments where the potassium hydroxide 
is not removed, since epithelial cells are necessary for the prolifera- 
tion of the virus. Possibly the existing disagreement as to potassium 
hydroxide effects may be due in part to insufficient control of this 

A few further experiments on the virucidal action of chemicals 
have been carried on. In two experiments inclusion bodies were 
found still viable after two hours in i per cent phenol, in contradis- 
tinction to Sanfelice’s report that the virus is kiUed after five min- 
utes in 0.5 per cent and i per cent phenol* The discrepancy here 

* Inarecent paper KUgleri^ that fowl-pox virus remains viable after fifty 

days in 0.25 per cent phenol. 
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weak virus suspension in such a percentage that the total dilution 
of this fluid was no greater than 1:2. After neutralization, the fil- 
trate was inoculated. Results with the filtrate after potassium hy- 
droxide and acetic acid treatment were uniformly negative, while 
inclusion bodies which were merely washed free of potassium hydrox- 
ide but were not treated with acetic acid always produced massive 
lesions (see Table III-A and Fig. 6). 

The above experiment seemed fairly conclusive that the small 
amount of active virus present in a suspension free from inclusions is 
not a nucleoproteid toxin, for otherwise it could, according to San- 
felice’s hypothesis, be reactivated by acetic acid treatment. In this 
experiment, however, we did not allow for the possibility that potas- 
sium hydroxide might be more effective than saline in extracting 
such a toxin from the inclusions. Therefore, we again prepared sus- 
pensions of digested and washed inclusions, placed them in i per 
cent potassium hvdroxide. and after one-half hour, centrifuged to 
throw the inclusions to the bottom in order that they should not 
become mixed with the supernatant fluid and confuse the results. 
The whole amount of material was then allowed to stand with the 
potassium hydroxide for twenty-four hours. In this way any hypo- 
thetical nucleoproteid toxin present in the inclusions coifld be dis- 
solved into the supernatant fluid. After twenty-fom hours, portions 
of the supernatant fluid were filtered, neutralized with acetic acid, 
and inoculated. Table III-B shows that in three experiments this 
filtrate was inactive, while the sediment of inclusion bodies, washed 
only, produced massive lesions. This we judged, was sufllcient evi- 
dence that no toxic product could be extracted, by Sanfelice’s 
method, from inclusions, highly infectious as they are. In all re- 
spects, inclusions respond to potassium hydroxide treatment by a 
progressively diminishing strength, being capable of resisting the 
action of i per cent potassium hydroxide for several days, but once 
inactivated, no treatment with acetic add is capable of “reactivat- 
ing” them. We have been able to obtain no evidence in support of 
the nudeoproteid toxin theory. 

In a paper which appeared in 1927 refuting Friedberger’s work, 
Sanfelice cited experiments in which carefully ground, diseased tis- 
sue was treated in one case with potassiiun h3’’droxide followed by 
acetic add, and in the second case with acetic add followed by potas- 
sium h^’^droxide. His inoculations made following the first procedure 
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nite period of time. This period varies, depending upon the physical 
state of the virus. Suspensions of very finely divided material, we 
found, were progressively destroyed, being diminished in strength 
after several hours and completely inactive after twenty-four hours. 
Inclusion bodies, on the other hand, will resist the action of i per 
cent potassium hydroxide for from one to five days. This greater re- 
sistance of the inclusions is due, we judge, both to the great concen- 
tration of virus vithin them and to the protection offered by their 
lipoproteid supporting substance. Moreover, stains of inclusions 
which were proved to be still viable after twenty-four hours treat- 
ment with potassium hydroxide show that Borrel bodies are still 
present. 

In attempts to extract a nucleoproteid toxin from inclusion bodies, 
freed from cellular material by digestion, we have found no evidence 
of the existence of a transmissible toxin. There is very little free 
virus in the fluid portion of a saline suspension of digested inclusions, 
and none if each inclusion is washed separately.^ The small amount 
present in our suspensions never survived twenty-four hours treat- 
ment with 1 per cent potassium hydroxide, whereas inclusion bodies 
thus treated did not lose their infectiousness for a much longer 
period. This result indicates that the active virus of an inclusion is 
an integral part of the inclusion and not superficially adsorbed by 
it. If the virus were held merely on the surface of inclusion bodies, 
inclusions might be expected to lose their activity in potassiiun 
hydroxide as rapidly as free virus. 

The fact that inclusions remain viable after long periods in potas- 
sium hydroxide, this viability being presumably dependent upon the 
survival of materials within the inclusion, together with the demon- 
stration of the presence of Borrel bodies in inclusions after twenty- 
four hours treatment with potassium hydroxide, supports the evi- 
dence of Goodpasture,^’ ^ and Woodruff and Goodpasture,'*’ ® that 
the inclusions of fowl-pox are colonies of a minute microorganism, 
the Borrel body. 

Summary 

I. Fowl-pox virus in suspensions of finely divided material is ren- 
dered inactive after a period of four to twenty-four hours in i per 
cent potassium hydroxide. In the form of inclusion bodies, however, 
the virus is found to be infectious, in diminishing strength, after 
treatment with potassium hydroxide for as long as five days. 
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may well be due to the different form of the virus — in one case in- 
clusion bodies and in the other case finely ground material dried on 
silk threads. Our results indicate that the virus, when protected in 
the intact inclusion body, is very resistant to the chemical agents 
we have used. 

Extraction of dried virus with alcohol, followed by ether, and with 
ether alone, for periods of one-half to one hour does not destroy the 
activity of the virus. Virus treated thus has proved active in dilu- 
tions as great as i ; 1000. Inclusions dried and treated with ether 
for one-half hour kept their form and activity, though fat stains 
showed that most of the lipoid had been removed. 

Discussion 

Publications of Sanfelice,®’ describe a technique for the isolation 
of a toxic nudeoproteid from the infected epithehum of a pigeon-pox 
lesion. Such a toxin he claims is capable of reproducing the typical 
lesion. After treatment of virus with i per cent potassium hydrox- 
ide, Sanfelice’s technique requires the addition of 1 per cent acetic 
acid to “reactivate” the virus. Since this procedure is the usual 
one for the isolation of nucleoproteids, Sanfelice considered the ac- 
tivity of virus following treatment with potassium hydroxide to be 
due to the extraction of a toxic nudeoproteid. We have found that 
removal of the alkali by merely washing the tissue which has been 
treated with potassium hydroxide, is just as effective in obtaining 
active virus as is the method of precipitating with acetic acid. This 
work corroborates Friedberger’s experiments.^® The active material 
obtained after treatment with potassium hydroxide is therefore not 
necessarily a nudeoproteid derivative. Furthermore, after a suffi- 
cient length of treatment with potassimn hydroxide, the virus be- 
comes completely inactive, and cannot be “reactivated” by any 
method. 

Thus our experiments lead us to make an interpretation, differing 
from that of Sanfelice, concerning the nature of the virus. Sanfelice 
considered that the virus had the properties of an acid, being inac- 
tive or neutralized when combined with potassium hydroxide, but 
readily liberated upon the addition of an excess of add, while we 
have foxmd that the virus is not inactivated immediately upon the 
addition of 1 per cent potassimn hydroxide, but sxnvives for a defi- 
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Plate 127 

Fig. I. Massive fowl-pox lesion produced by inoculation of precipitate from 
Borrel body suspension after nine hours in i per cent potassimn hydroxide. 

Fig. 2. Two small nodules on left edge of scar show the diminished infectious- 
ness of the precipitate from a Borrel body suspension after nineteen hours 
in I per cent potassium hydroxide. 

Fig. 3. Massive fowl-pox lesion produced by inoculation of inclusion bodies 
after twenty-four hours in i per cent potassium hydroxide. 

Fig. 4. Result of the inoculation of same preparation of inclusions as used in 
Fig. 3, but without removal of the alkali. 

Fig. 5. Small lesion produced by the inoculation of inclusion bodies after 
seventy-two hours in i per cent potassimn hydroxide. 

Fig. 6. The massive lesion on the right was produced by the inoculation of in- 
clusion bodies after twenty-four hours in i per cent potassium hydroxide. 
The non-infected scar within the square on the left shows the negative result 
obtained by inoculation of free virus suspension after treatment for the 
same period. 
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2. No evidence has been found for the existence of a nucleopro- 
teid toxin, such as that described by Sanfelice, either in scabs of the 
fowl-pox lesion or in digested inclusion bodies. 

3. The destructive action of 1 per cent potassium hydroxide on 
normal epithelial cells of the chick is shown. 

4. The presence of Borrel bodies in inclusions which have been 
proved infectious after remaining twenty-four hours in i per cent 
potassium hydroxide has been demonstrated. 
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Fig. 7. Complete destruction of epithelial cells of skin of chick after short appli- 
cation of I per cent potassium h3'droxide. 

Fig. S. Borrel bodies from inclusions which had remained twent\'-four hours in 
I per cent potassium hj-dro.vide. IMorosow’s stain. Photomicrograph taken 
with blue light, x 1S60. 

Fig. 9. An inclusion bod^' which had remained twenty-four hours in i per cent 
potassium hydroxide, mechanically ruptured to free the Borrel bodies. 
Morosow’s stain. Photomicrograph taken with blue light, x 1S60. 

Fig. 10. Same ruptured inclusion as shown in Fig. 9 with focus on outside sur- 
face of bod}'. jMorosow’s stain. Photomicrograph taken with white light, 
x 1S60. 
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structures 0.25 of a micron in diameter. These structures have been 
called Borrel bodies, after their discoverer. Borrel suggested that 
the inclusions of fowl-pox might be made up of these minute coccoid 
structures, and in 1906 Burnet ® demonstrated in sections of the 
fowl-pox lesion stained in one case by Giemsa’s method and in the 
other case by Loeffler’s flagella stain, that the inclusions and the 
“micrococcal masses” belong to the same cells. In 1928 it was 
shown by Goodpasture ’’ that the inclusion bodies of fowl-pox, when 
suspended in saline, appear as compact, hyaline structures, but that 
upon being washed and suspended in distilled water the same bodies 
swell markedly and develop vacuoles in which may be seen minute 
granules dancing about in rapid Brownian motion. These granules, 
as demonstrated by crushing an inclusion body on a slide, were 
shown to be Borrel bodies. 

The marked change which occurs in fowl-pox inclusion bodies 
upon immersion in distilled water is shown in Figs, i and 2. In 
Fig. I may be seen eight inclusions in saline while Fig. 2 shows the 
same eight inclusions at the same magnification thirty minutes after 
distilled water had been substituted for the saline. There has been 
an increase in the linear dimensions of the bodies of one-third to one- 
half, indicating a volume increase of two to three times. One of the 
swollen inclusion bodies is shown under higher magnification in 
Fig. 3. The large vacuoles may be seen distinctly. In these, in the 
fresh preparation, the Borrel bodies could be seen in rapid Browman 
motion. Fowl-pox inclusions, therefore, are composed of a semiper- 
meable ground substance in which the Borrel bodies are embedded. 
This ground substance is thought to be a lipoproteid in com- 
position.® 

While working with inclusion bodies which had become swollen 
in distilled water, it was observed that if the water be allowed to dry, 
the inclusions, at the moment the water leaves their surface, will be 
fragments with an abruptness almost explosive in charac- 
ter. The breaking up of the inclusions in this fashion we presume to 
be due to the force of surface tension, which is relatively enormous 
when acting upon such minute structures. This method of tearing 
apart inclusion bodies was found to be ideal for demonstrating the 
constituent parts of the bodies. Single bodies were isolated and 
washed, using a capiUary pipette and the Chambers micro dissection 



THE RELATION OF THE VIRUS OF FOm-POX TO THE SPECIFIC 
CELLULAR INCLUSIONS OF THE DISEASE * 

C. Eugene Woodruef, M.D.f and Ernest W. Goodpasture, M.D. 

{From the Department of Pathology, Vanderbilt University School of Medicine, 

Nashville, Tenn.) 

The nature of cellular inclusions in virus diseases has been for 
years the subject of controversy. When first observed in fowl-pox, 
for example, the inclusions were thought to be protozoa which 
caused the lesion in which they appeared.^ With the first experi- 
ments on filtration, however, any idea that the entire inclusion body 
represented a single protozoan parasite had to be abandoned on ac- 
count of the obvious impossibility of any such structure passing 
intact through the fine pores of a filter. 

Some of the more recent workers have not only abandoned the pro- 
tozoan hypothesis, but have swung to the other extreme of relegating 
the inclusion bodies to the class of cellular degeneration products.-*® 
That the inclusion bodies of fowl-pox, at least, are indeed something 
other than mere products of cellular degeneration was demonstrated 
in a recent publication from this laboratory.^ It was shown that 
upon subjecting a fowl-pox lesion to tryptic digestion the inclusion 
bodies resist the action of the trypsin, while the epithelial cells of the 
lesion are completely destroyed. The inclusion bodies, thus hber- 
ated from their host cells, could then be washed in sterile saline until 
the fluid immediately surrounding them was innocuous, while a 
single inclusion body, when inoculated into the feather follicle of a 
normal chick, produced a characteristic fowl-pox lesion. This dem- 
onstration of the infective nature of the inclusion bodies of fowl-pox 
gives rise to questions concerning the make-up of the inclusions, and 
especially the question as to what portion or portions of the inclu- 
sions, are responsible for the transmission of the disease. 

The Component Parts of the Incehsion Bodies 

Since the observations of Borrel ® in 1904, it has been knovm that 
smears of the fowl-pox lesion show iimumerable minute, coccoid 

* Received for publication July 26, 1930. 

t The initial work on this paper was done while a Fellow in Medicine of the National 
Research Council. 
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The Inoculation of Small Portions of Inclusion Bodies 

Following our successful experience with the inoculation of isolated 
and washed inclusion bodies in chicken-feather follicles,^ numer- 
ous attempts were made to disperse the individual inclusion bodies 
in some fashion which would allow the inoculation of their fractional 
parts. On account of the extreme tenuousness of the lipoproteid 
material in the bodies, all of our efforts in this direction were fruit- 
less until the method just described of allowing the bodies to dry out 
of distilled water was devised. With this method at hand it seemed 
that portions of the inclusion body smear might readily be scraped 
up for purposes of inoculation. Accordingly, single inclusion bodies 
which had been freed of cellular material by tryptic digestion, were 
isolated, using a capillary pipette in the Chambers micro dissection 
apparatus. The single inclusion was then transferred to a pool of 
sterile distilled water on a large-sized coverslip and thoroughly 
washed by sucking up the major portion of the distilled water in a 
pipette and then replenishing the pool, this process being repeated 
three times. The distilled water was next sucked off completely and 
the inclusion body allowed to break up. Then the coverslip was in- 
verted over the moist chamber of the microdissection apparatus. To 
make an inoculation from the inclusion body smear a 4 mm. solid 
glass rod, which had been drawn to a fine point, was clamped in the 
Chambers apparatus and forced across the smear. A resulting faint 
scratch could usually be seen in the substance of the smear along 
with a minute accumulation of material on the glass point. The tip 
of this glass point, carrying its small portion of the smear, was care- 
fully inserted into the defeathered follicle of a normal chick and then 
broken off, to be left, glass and aU, in the follicle. As many as ten 
scratches across the smear of a single inclusion body have been made 
in this fashion, using a fresh, sterile, glass point for each scratch and 
inoculation. In each instance all of the scratch inoculations from a 
given inclusion were made into the follicles of a single chicken. After 
the completion of the inoculations the covershp was removed from 
the moist chamber, stained and mounted and kept as a permanent 
record of the experiment (Fig. 5). 

The experiment has been repeated with seventeen different inclu- 
sion body smears. In all, 135 inoculations have been made, fifty-two 
of which resulted in characteristic fowl-pox lesions. The largest 
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apparatus. Upon allowing such a body to break up, a smear was ob- 
tained which showed the individual Borrel bodies and in which one 
could know with certainty that there were included only the Borrel 
bodies belonging to that particular inclusion. Such a smear of a 
single inclusion body is shown in Fig. 4. The Borrel bodies are the 
minute round structures appearing sometimes singly, sometimes in 
diploid form, and again in chains or masses. Under higher magnifi- 
cation the black areas in this photograph can be resolved into closely 
grouped masses of Borrel bodies embedded in the ground substance 
of the inclusion. 

With the stained preparations of individual inclusion body smears 
it has been possible to get a fairly accurate idea of their enormous 
content of Borrel bodies. Actual counts have been made from pho- 
tographic prints in which the Borrel bodies were magnified 1000 di- 
ameters. In each instance one thousand adjacent Borrel bodies were 
counted and from that count the total number in the smear was 
estimated. Using this method six thousand Borrel bodies were found 
in one inclusion, in another twenty thousand, and in a third ten 
thousand. All of these estimates were conservative and it is beheved 
that a more accurate count would have revealed more, rather than 
fewer, Borrel bodies. 

In order to get an idea of the relative size of the Borrel bodies, 
hemolytic streptococci from a culture were introduced in a prepara- 
tion of inclusion bodies in distilled water. A portion of the resulting 
smear is shown in Fig. 6. The streptococci, on account of their 
greater size, are in a focal plane slightly different from that of the 
Borrel bodies. For this reason the streptococci are in the sharpest 
focus in the lower and right-hand portion of the picture where the 
Borrel bodies are out of focus. 

The stain used in this preparation was Morosow’s modification of 
the Fontana-Tribondeau method ® and consisted essentially of a 
mordant of tannin followed by a silver nitrate solution. On account 
of the mordant the streptococci in Fig. 6 appear much larger than 
streptococci from the same culture stained by Gram’s method. Pre- 
sumably the Borrel bodies appear similarly enlarged, due to the mor- 
dant. By Morosow’s method the streptococci and Borrel bodies 
stain a deep brown or black. The photograph was taken using a 
blue light. 
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were negative. Evidently any fluid from the final wash pool which 
might have adhered to the glass points was non-infectious. Further- 
more, the control inoculations demonstrate that the breaking off of 
the glass points in chickens’ folUcIes does not in itself produce a for- 
eign body reaction in any way suggestive of the fowl-pox lesion. 

Discussion 

In the technique of these experiments too many variables are in- 
volved to permit a positive statement as to the reason for the great 
variation in the number of “takes” from a single inclusion body, 
A cursory examination of the table indicates that in general, the per- 
centage of “ takes” was much lower where ten inoculations were at- 
tempted from a single smear than where fewer inoculations were 
made. The element of fatigue on the part of the experimentalist may 
enter here, for the process of washing and inoculating is a tedious 
one and it is difficult to introduce one of the fine glass points into the 
opening of a feather follicle without accidentally brushing it against 
the outside of the follicle. This latter accident might well brush the 
infectious material from the point. 

With the inoculations WH107 and WH108 a slightly different 
technique was employed. In “107” the glass points had been 
dipped in sterile gelatine preceding the scratching process, in the 
hope that the gelatin might cause the adherence of more infectious 
material to the point. In “108” hollow points drawn from glass 
tubing were used instead of points drawn from solid glass. On ac- 
count of their ineffectiveness these technical variations were aban- 
doned following a single trial of each, and the solid glass points were 
used in aU the other inoculations. 

A further factor which was apparently of some importance in the 
inoculations was the “age” of the inclusion bodies used. In general, 
better results were obtained with an inclusion from a seven- to ten- 
day fowl-pox lesion than with one from a lesion two weeks old or 
older. 

The chief significance of the present series of experiments, lies, we 
believe, in the demonstration of the infectious nature of materialfrom 
seventeen different inclusion bodies which had been digested and 
washed free of all particles of cellular material and then allowed to 
disintegrate so as to liberate their component Borrel bodies. Also of 
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number of successful inoculations from a single smear was six, ob- 
tained in two instances, while from each of three smears only a 
single “take” was obtained. 

The determination of a “take” was based upon the development 
of the characteristic firm, white swelling of the follicle (Fig. 7). In 
case any doubt existed, the follicle was removed and digested in tryp- 
sin, a positive result then being based upon the demonstration of 
inclusion bodies. 


Table I 


Showing Results of Scratch Inoculations from the Smears of Single Inclusion Bodies 


Number of inoculated chicken 

Number of scratch 
inoculations from 
the inclusion 
body smear 

Number of positive 
results 

Control inoculations 
(all negative) 

WH 80 

6 

3 

No control 


3 

2 

No control 

WH 93 

8 

S 

No control 

WTII04 

10 

4 

10 

WHios 

10 

2 

10 

WH 106 

10 

3 

10 

WH 107 

10 

I 

10 

WH 108 

10 

I 

10 

WH log 

10 I 

2 

10 

WHiio 

10 1 

2 1 

10 

WHiii 

10 

4 

lO 

WH112 

6 

6 

6 

WH113 

6 

2 

6 

WH 1Z4 

4 

I 

4 

WH115 

8 

6 

8 

WH116 

6 

5 

6 

WH117 

8 

3 

8 

Total 

135 

52 

118 


As indicated in the above table, no control inoculations were made 
in the first three experiments. In the fourteen subsequent experi- 
ments control inoculations were made by running sterile glass points 
through the pool of distilled water used in the final washing of the 
inclusion body. The points were run close to the body, but care was 
taken that they should not actually touch it. The tips of these glass 
points were then broken off in feather follicles on the opposite breast 
of the same chicken that was to be used for inoculations from the 
inclusion body smear (Fig. 7). All 118 of these control inoculations 
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DESCRIPTION OF PLATES 
Plate 129 

Fig. 1. Inclusion bodies in saline, x 180. 

Fig. 2. Same inclusion bodies thirty minutes after distilled water had been sub- 
stituted for the saline, x 180. 

Fig. 3. Inclusion body swollen in distilled water, x 1000. 

Fig. 4- Smear of single inclusion body broken up by the surface tension of a 
drying film of water. Borrel bodies are seen as the minute coccoid struc- 
tures. Morosow’s stain. Photomicrograph taken with blue light, x 510. 

Fig. S- Inclusion body smear from which the six “scratch” inoculations of 
WH112 were made. The marks of two of the scratches are plainly visible. 
Morosow’s stain. Photomicrograph taken with blue light, x 360. 



SPECTFIC CELLULAR INCLUSIONS OF FOWL-POX 7 IQ 

importance is the demonstration of the capacity of such an inclusion 
body to furnish infectious material for as many as six positive inocu- 
lations. The limits of this subdivision of an inclusion body we feel 
has by no means been reached. 

It is impossible to say from these experiments that one specific por- 
tion of the inclusion body smear alone was responsible for the suc- 
cessful inoculations. Obviously some of the ground substance of the 
body is picked up on the glass point as well as the Borrel bodies. 
However, the lipoid component of this ground substance has been 
demonstrated to be non-infectious by inoculation of both alcoholic 
and ether extracts of the inclusion bodies, and we have not as yet 
been able to isolate any protein component of the inclusions distinct 
and apart from the Borrel bodies. These facts, together with the 
enormous numbers of Borrel bodies in a single inclusion and their 
perfect uniformity in size and shape, lead us to think that in our 
various experiments the Borrel bodies represent the important part 
of the inoculum — the actual virus of fowl-pox. 

Summary 

1. Inclusion bodies of fowl-pox may be broken up by using the ' 
surface tension of a drying film of water. The stained smear of an 
inclusion body thus disrupted has been shown to contain as many as 
20,000 Borrel bodies — minute coccoid structures uniform in size 
and shape. 

2. Multiple inoculations have been made from the smears of 
isolated and ruptured inclusion bodies with as many as six inocula- 
tions from a single inclusion resulting successfully. Control inocu- 
lations were all negative. 

3- The lipoid component of the inclusion bodies is non-infectious. 
Aside from this lipoid, the Borrel bodies form the major constituent 
of the inclusions and are judged to represent the actual virus of 
fowl-pox. 
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Plate 130 

Fig. 6. Smear showing comparative size of Borrel bodies and hemolytic strep- 
tococci. Moro.sow’s stain. Photom.icrograph taken with blue light, x 2200. 

Fig. 7. Skin from breast of chicken showing at left three follicles ten days after 
each had been inoculated with material scratched up from a single inclusion 
bod}'' smear. Control inoculations at right, x o.S 











American Journal of Patiioloc.y. Vol. VI 


Plate 130 



Woodruff and Goodpasture 


Specific Cellular Inclusions of Fowl-Pox 



722 


WELLER AND RIKER 


man was a native of Bihar and had been working as a mason for 
two and one-half years. However, he had first noticed the growth in 
his nose three years before while working in a hide store. He was 
seen by O’Kinealy in Calcutta in 1894, There had been two previous 
partial removals of an obstructing polypoid mass and when the 
patient was last seen there was again evidence of recurrence follow- 
ing a third operation. Upon examination he presented a small vas- 
cular pedunculated tiunor about the size and shape of a large pea, 
freely movable, painless and having the appearance of a papilloma. 
It was attached by a short pedicle to the mucous membrane at the 
anterior and upper part of the cartilaginous septum, was friable and 
bled freely during the course of its removal. The pathological de- 
scription was furnished by Major J. C. Vaughan. In this report 
O’Kinealy stated that he had reason to beheve that similar cases had 
been observed in Calcutta, though he did not think that they had 
been published. 

A few sections from the case described by O’Kinealy were re- 
worked by Minchin and Fantham,^ who, in 1905, gave a further de- 
scription of the parasite, differing in some particulars from that of 
O’Kinealy. At this tune they proposed the name Rhinosporidkmi 
Mnealyi for the etiological agent. 

In 1906 Beattie ® described the material from a nasal polypus 
which had been supplied him by Dr. Nair of Madras, who stated that 
he had had four similar cases. All of these were from the state of 
Cochin on the west coast of India. This material was seen by Min- 
chin and was pronounced similar in every respect to that from which 
he had described Rliinosporidmm kinealyi. In one of his papers 
Beattie refers to the cysts produced as being 6 to 8 mm. in diameter. 
These measurements were obviously incorrect and Ashworth ® has 
found no cysts exceeding 0.2 to 0.3 mm. in diameter in the very 
slides which Beattie used. In the following year Beattie ^ recorded 
the occurrence of the same organism in aural pol)^!, but without a 
detailed case report. 

The first American case was described by J. Wright® in 1907. 
Wright had received this material from Dr. E. C. EUett of Mem- 
phis, Teimessee, in 1903, but it was not diagnosed until after the 
appearance of the papers by O’Kinealy, Minchin and Fantham, and 
Beattie. The patient was a young farmer, 20 years old, who had 
never been away from the neighborhood of Memphis. He had sub- 
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The organism now known as Rfiinosporidium seeberi has been de- 
scribed from three geographical regions, far distant one from another, 
Argentina, India and the United States. The instance of infection 
with it which is reported here is believed to be but the third from 
this country. Likewise but three cases of this disease have been de- 
scribed from Argentina, as far as we can learn. In India, however, it 
has been recognized many times since its first description from that 
country in 1903. There are in the literature at least twenty-five case 
reports from India and Ceylon, several of them dealing with the oc- 
currence of this infection in anatomical locations other than the nose. 

The first description of this parasite was published in a thesis from 
Buenos Aires in 1900, by Guillermo Seeber.^ We have been unable to 
obtain this in its original form but a quite complete abstract can be 
found in the historical section of Ashworth’s " paper on Rhino- 
sporidium. The patient was an agricultural laborer, 19 years of age. 
Although born in Italy, this young man had lived in Argentina for 
eighteen years. He presented an obstructing polypoid growth of the 
left nasal fossa projecting through the external orifice. Upon this 
material, and upon that obtained at a second operation necessitated 
by recurrence, Seeber’s description of the organism was based. In an 
appendix, note is made of a still earlier, but unpublished case, ob- 
served in 1892 by Professor Malbran of Buenos Aires. In 1912 
Seeber republished a stunmary of his thesis and at that time referred 
to still another case found by Malbran, thus bringing the total to 
three for Argentina. It was this republication which brought the un- 
recognized priority of Seeber to the attention of other investigators 
in this field. 

In 1903 O’Kinealy ® described as a local psorospermiosis a growth 
from the left nostril of a male Mohammedan, 22 years of age. This 

* Read at the meeting of the American Association of Pathologists and Bacteriolo- 
gists, New York City, April 17, 1930. 
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724 


WELLER AND EIKER 


conjunctiva. In a second paper the same author described the 
treatment and apparent cure of one of his conjunctival cases by the 
use of 2 per cent tartar emetic dropped into the eye three times a day 
over a period of three months, and also recorded a new case in which 
there were large polypi upon the inferior and middle turbinates. In 
this patient the lacrymal sac, the size of a filbert, was found upon 
extirpation to consist of a fibrous wall with polypoid projections 
completely filling the interior. In a subsequent report, with Tiru- 
murti, Wright referred to the occurrence of the same parasite in a 
papillomatous growth of the uvula. 

The entire field of information concerning Rhinosporidium was 
very completely and critically reworked by Ashworth ^ in 1922. By 
him the designation Rhinosporidium seeberi was established as pre- 
viously described and an extremely thorough and systematic mor- 
phological description made. He corrected numerous mistakes in 
the earlier accovmts and worked out, on the basis of morphology 
alone, an acceptable life history. We find the organism in our own 
case to be in every significant respect in accord with Ashworth’s 
description. 

The second North American case was described by Drs. Mary C. 
Lincoln and Stella M. Gardner in 1929. The patient was a man, 
40 years of age, who was born near Carthage, Illinois, and who had 
lived there until he was about 17 years old. He then spent three 
years in Chicago and one year in Oklahoma. In 1925 he was in 
Florida for nine months. He had never been outside of the United 
States. Thirty years before he had had an operation performed on 
his nose and at that time the septum was perforated. There was no 
further difficulty for twenty-two years until he commenced to have a 
discharge and occasional bleeding. Eight years later the polypoid 
tumor from which the diagnosis was made was removed by Dr. M. C. 
Van de Venter of Keokuk, Iowa. The specimen had the appearance, 
grossly, of an ordinary nasal polypus. Microscopic sections showed 
the organisms in large numbers and in practically all stages. Very 
good photomicrographs are used to illustrate the more important 
morphological features of the organism. These leave no doubt that 
the parasite has the same structural characteristics as did those 
described by Seeber from South America and by the various workers 
upon the material coming from India and from Ceylon. 
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mitted to a series of operations beginning with the removal of a 
growth from the lower anterior part of the right septum in 1897. 
The second operation, in 1898, was upon the anterior portion of the 
lower right turbinate. Still another operation was performed in 
March, 1902, and tlie removal of the specimen examined was accom- 
plished by EUett in December of the same year. He found three 
areas involved, the old sites on the septum and turbinate and a new 
area on the septum. There was no evidence of recurrence two years 
later. 

Growths produced by this same organism were described from the 
conjunctiva by Ingram ® in 1910, and by Elliot and Ingram,^® 
and by Kirkpatrick in 1912, a total of tliree cases. The anatomical 
distribution of the lesion resulting from this infection was extended 
further by the description by Ingram in his earlier papers of a 
growth of six years duration involving the entire glans penis of a 
patient 45 years old. 

In 1912 Seeber published a summary of his earlier thesis which 
was thus brought to the general knowledge of protozoolo^sts. His 
priority was established by investigations instituted by Ashworth - 
for it was found that the name Coccidium secberi had been assigned 
to this organism in Belou’s Parasitotogia Animal in 1903. Accord- 
ingly Ashworth emended the name to Rhinosporidhim secberi, which 
has been generally accepted since his monograph appeared in 1922. 

Tirumurti collected, in 1914, fifteen instances of Rhinosporid- 
ium infection in each of which tissue specimens had been examined 
in the patholo^cal laboratory of the Madras Medical CoUege. Sev- 
eral of these had been reported previously by other authors, but in 
addition to these, he described eleven new cases of nasal and naso- 
pharyngeal involvement. Further case reports have followed. From 
the General Hospital of Colombo, Ceylon, CheUiah,^® in 1918, de- 
scribed three, additional examples from the nose in males, aged 17, 
19 and 58 years respectively. Two of his patients had never been in 
India and one had never been out of Ceylon. Two years before 
Kirkpatrick^^ had reported for the first time the occurrence of Rhino- 
sporidium infection in the lacrymal sac. In 1922 R. E. Wright re- 
corded three conjunctival cases which had been seen within a period 
of three months in the Civil Orphan Asylum in Madras. The pa- 
tients were Eurasian boys whose ages were 13, 14 and 14 years of age. 
One of these had a growth on both the upper and the lower palpebral 



